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1. INTRODUCTION

This Scope of Work lists requirements for ground surveys needed to support the Height Modernization
Program (HTMOD), which is administered by the Nationa Geodetic Survey (NGS), National Ocean
Service (NOS), Nationd Oceanic and Atmospheric Adminigtration (NOAA). In addition, LIght
Detection And Ranging (LIDAR) survey(s) may be required.

2. ADMINISTRATION

2.1 SPECIFICATIONS - This Scope of Work provides general standards and specifications for the
surveys required by NGS. In addition, the Contractor shall be issued a set of Project Instructions for
each survey. The Project Instructionswill take precedence over this Scope of Work since the
Project Ingtructions provide detailed and often unique infor mation about each Height

M odernization Project. The requirements for reporting deviations, unusua circumstances, etc.,
described in the following paragraphs, apply to the Scope of Work and to the Project Instructions.

2.2 CONVENTIONS - Thefollowing conventions have been adopted for these project specifications.
The verb “shal” meansthat compliance is required. The verb “should” denotesa recommendation.
The contraction “N/A” means not gpplicable. The term “position” means horizontal position (latitude
and longitude) unless specified otherwise. The term “eevation” means the distance of a point above a
specified datum, measured aong the direction of gravity. Theterm “verticad” refersto the direction in
which the force of gravity acts. The term “height” means the distance, measured dong a perpendicular,
between a point and adatum. See

Section 4. Usethe U.S. Survey Foot (3.28083333333 feet = 1 meter) for any length conversions.

2.3 GENERAL REQUIREMENTS - The Contractor shall provide al labor, equipment, supplies,
material, and transportation to produce and ddliver data and related products as required under this
Scope of Work, except as shown in Section 3.



2.4 MODIFCATIONS - All requests for modifications shal be submitted by the Contractor in writing
to the Contracting Officer (CO) prior to the Task Order due date and as soon as possible. Send a
copy to the NGS Points of Contact (POC) listed in Section 14.

2.5 UNUSUAL CIRCUMSTANCES - The Contractor shal notify the CO and NGS of any unusua
circumstances that occur during the performance of this Scope of Work or Project Ingtructions which
might affect the deliverables or their quality (see Section 6). Especidly note any deviation from this
Scope of Work or Project Instructions.

2.6 REPORTS - Thorough reporting is required. The Contractor shall submit aweekly project status
report (see Section 13.5) and a Project Completion Report (see Section 10.9) to the contactsin
Section 14. In addition, a Quality Control Plan (see Section 6), aHTMOD Survey Plan (see Section
10.3), and/or aLLIDAR Survey Plan (see Section 11.3) shdl be submitted.

2.7 ORIGINAL DATA - Observation logs and other origina records generated during this project are
lega records which will be retained for data accountability and stored in the National Archives.

Origind logs and records shal be submitted and shdl be origind, legible, neet, clear, accurate, and fully
completed in indelible black ink. Origina data shal be saved, unmodified, whether in hand-written or
computer-recorded form. In the origina records (paper or digital), nothing is to be erased or
obliterated. All available spaces on the recording forms should be completed. If amistake is made on
aform, draw a single line threugh-theistake and write the correction above or to the Sde. If spaceis
too limited to permit afield correction, restart with anew log sheet; however, do not recopy the formin
the office in order to make a“clean” copy. An explanatory note should be made for all correctionsto
the original recorded figures. It is essentid that al hand-recorded information be neat and legible. All
editing of computer-recorded data shal be done on a copy of the origind. Submit the origind verson
of the data, not a handmade copy, a photo-copy, or adigital copy.

3. GOVERNMENT SUPPLIED MATERIALS

The following itemswill be supplied, if gpplicable:

3.1 TRANSMITTAL LETTER,

3.2 PROJECT INSTRUCTIONS,

3.3 BRASSDISKS - Disks with factory NGS standard lettering,

3.4 LOGO CAPS - Capsfor 3D rod marks, with ssandard NGS lettering (fits 5" or 6" indde diameter,
schedule 40 PV C pipes)

See Attachment A for explanations of items listed above.



4. REFERENCE SYSTEMS
The following Reference Systems shdl be used:

4.1 HORIZONTAL REFERENCE - The North American Datum of 1983 and year of the latest
observations which is abbreviated NAD83 (YYYY). Note: the year of observationsis on the NGS
Data Sheet next to the latitude and longitude.

4.2 VERTICAL REFERENCE -
Orthometric heights - The North American Verticd Datum of 1988 (NAVD 88); for information on
NAVD 88, see: http://www.ngs.noaa.gov/PUBS LIB/NAV D88/navd88report.htm

Ellipsoidal heights - NAD 83 (GRS 80)

4.3 REFERENCE SYSTEM - Use the Nationa Spatial Reference System (NSRS), see
http://www.ngs.noaa.gov/INFO/OnePagers/One-Pager NSRS pdf .

Survey control shal be tied to the NGS Nationd Continuousy Operating Reference Station (CORS)
system. For information on CORS, see.  http://www.ngs.noaa.gov/CORY .

For information on the High Accuracy Reference Network (HARN), see:
http://Aww.ngs.noaa.gov:80/fag.shtml .

4.4 GEOID MODEL - GEQID 99, or alater, current verson

For GEQID information see;  http://www.ngs.noaa.qov/GEOID/GEQOID9Y/ .

For explanations of many of the termsin Section 4, see. http://www.ngs.noaa.gov:80/fag.shtml .

5. REFERENCES AND GLOSSARY

5.1 REFERENCES - Note, the Contractor shal become thoroughly familiar with the following
references:

a NOAA Technicd Memorandum NOS NGS-58 “Guiddines for Establishing GPS-Derived
Ellipsoid Heights (Standards. 2 cm and 5 cm).”
Avalableonlineat: http://www.ngs.nocaa.gov/PUBS LIB/NGS-58.ntml .

b. A Guide for Establishing GPS-Derived Orthometric Heights (Standards. 2 cm and 5 cm).
For information see Attachment B.



c. Input Formats and Specifications of the Nationa Geodetic Survey Data Base, the
“Blue Book.” Availableon-lineat:  http://www.ngs.noaa.gov/FGCS/BlueBook/ .
d. NOAA Manua NOS NGS 1 “Geodetic Bench Marks.” Available on-line at:
http://www.ngs.noaa.gov/PUBS | IB/GeodeticBMs.pdf .

e. File Naming Convention - See Web Sitein Section 8.2.

f. Vighility diagram - For information about vigihility obstruction diagrams, see:
http://www.ngs.noaa.gov/PROJECTSFBN/ (click on“Forms” then dlick on “Vighility
Obgtruction Diagram”).

5.2 GLOSSARY - Geodetic Glossary, NGS, 1986 (not available on the WWW). For a printed copy,
telephone NGS at (301) 713-3242 or emall: info_center@ngs.noaa.gov

6. QUALITY CONTROL

The Contractor shall check al datato ensure that it is complete, reliable, and accurate. Note, accuracy
requirements may be in the Project Ingtructions. The Contractor’s personnd shal become thoroughly
familiar with the Scope of Work; the Attachments; the Project Ingtructions; the definitions of surveying
terms, and the materia covered in the other references and publications, asrequired. See Section 5 for
alig of References and Glossary.

QUALITY CONTROL PLAN - Prior to beginning survey work on this project, the Contractor shall
submit awritten Quality Control Plan (QCP) covering all work. The QCP shall describe how the
Contractor shall meet the technical specifications required for the project. The QCP shdl include at
least the following requirements. a check of dl manuad computations (including check marks and
initids), a check of al manua data computer entries, a check of file formats, and a check of al reports
and data submitted. The contractor shall dso describe how datawill be backed up and how it will be
ensured that origind data are not modified. See Section 13, Deliverables.

Comments on qudity control and a copy of the Quaity Control Plan will be included in the Find
Project Report.

/. DATA FORMATS

7.1 HTMOD ORIGINAL DATA - Origind, raw digital data shdl be submitted and their formats shall
be documented in the Fina Project Report. Original paper records shdl aso be submitted; see Section
2.7. Observations for positioning marked points shal be submitted in Blue Book format.

7.2HTMOD FINAL DATA - Find project data shal be submitted in Blue Book format, or in other
formats specified by this SOW (for example, digita photographs).



7.3 LIDAR DATA - Submit original unprocessed data and processed data. Provide an explanation of
al fileformas.

8. DATA MEDIUM AND FILE NAMING CONVENTION

8.1 DATA MEDIUM - CD-ROM.

8.2 FILE NAMING CONVENTION FOR GPS GROUND SURVEY S- See the naming convention
for FBN projectson NGS Web siteat:  http://www.ngs.noaa.gov/PROJECTSFBN/

8.3 FILE NAMING CONVENTION FOR LIDAR SURVEY S - Provide an explanation for dl file
names and formats.

9. SURVEY METHODOL OGY

GPS ground surveying methods shall be used for HTMOD work specified in References A and B,
Section 10, and the Project Ingtructions.  If aLIDAR survey isrequired by the Project Instructions,
LIDAR data shdl be collected from an airborne platform(s) with ground GPS survey support; see
Section 11.

10. SURVEY WORK FOR HEIGHT MODERNIZATION

10.1 PURPOSE - Height Modernization brings the horizonta, vertical, and gravity control networks
together in aunified nationa pogtioning system, joined and maintained by GPS technology and
administered by NGS. A date-of-the-art National Spatial Reference System (NSRS), with NAVD 88
asits elevation reference, can provide the Nation with a common, consstent set of red-time
geographica coordinates (reference points). The gpplication of this nationa positioning system can
provide:

a Improved aircraft navigational aids and approach and landing procedures,

b. Advanced surface transportation control and monitoring,

c. Highly efficient fertilizer and pesticide spreading, resulting in reduced run-off water pollution,
d. More accurate modeling of storm surge and pollution trgectories,

e. Increased accuracy for improved resource management decision making, and

f. Improved disaster preparedness and earthquake detection.

A Height Modernization project may include: planning, reconnaissance, mark recovery, mark setting,
GPS observations, spirit leveling, LIDAR observations, data processing, data andyd's, data adjustment,
data submittal in specified formats, preparing reports, writing manuas and other training aids explaining
the work, and providing training on how to accomplish the work.



10.2 RECONNAISSANCE - Reconnaissance shal be performed in accordance with NGS-58 and
“A Guide for Egtablishing GPS-Derived Orthometric Heights’ (see Section 5.1) and by following the
guiddinesin Attachment D, Height Modernization Station Selection Guiddines.

a CONTROL STATIONS - The following types of control stations (survey marks) will be
consdered for use in these projects:
1. HORIZONTAL.:
- All control stations with a stability qudity code of A or B (see Attachment D
for an explanation of stability codes), and
- All high accuracy GPS control gations including: CORS, FBN, CBN,
HARN, and PACS.
2. VERTICAL:
- All first-order and second-order NAVD 88 vertica control stations (bench
marks) within the project area, sufficient to provide vertical control for the
project.
All horizontal and vertical points used as control must be part of the NSRS.

b. DATABASE SEARCH - NGS and U. S. Coast and Geodetic Survey (USC&GS) (former
name for NGS) station descriptions are contained in the NGS database and are available via
the NGS Web ste. A database search shdl be made for al control stations within the project
area (defined in the Project Ingtructions) meeting any of the above criteria. Directly access the
NGS Integrated Data Base (NGSIDB) using the NGS Web site at:
http://Awww.ngs.noaa.gov/datasheet.ntml. Note, the Project Instructions may also require
searching the databases of other organizations (for example, a Sate survey office).

¢. MARK RECOVERY

1. SEARCH - The contractor shal make an extensive physica search in thefidd for al
control stations found in the above database search(s). See Attachment K for diagrams
of NOAA survey disks. Before an existing mark is used, its description shdl be
thoroughly checked to confirm the station's identity, stability, and location, and to
provide input for an updated description or recovery note. Stamping shal not be done
on exigting disks or logo caps. The contractor shal prepare digital updated
descriptions or recovery notes for al NSRS marks searched for and al marks used in
the project. See paragraph below entitled “MARK RECOVERY DEFINITION.”

2. VISIBILITY - All horizontd and verticd stations selected must have adequate GPS
sadlite vighility. The vighility should be minimally restricted from 15 degrees above
the horizon to the zenith, in dl directions; see Attachment D for detaills. Minor
obstructions are acceptable, but must be depicted on the Vishility Obstruction
Diagram. For new gations, sdlect aste rdatively free of present and future anticipated
obstructions. Utility polesin the GPSfidd of view are tolerable, and they provide
security and areference to help locate the mark. Set new marks at least 2 meters from
apole, to the south if possible. Likewise, existing marks within 2 meters of apole
should not be used. Marks should not be set or used if within 5 meters of achain link
fence.



3. MARKS OF OTHER ORGANIZATIONS - Other marks may be used if they
meet the stability, vishility, spacing, accuracy, and other requirements.

4. MARKS ON PRIVATE PROPERTY - The Contractor shall contact property
owners and obtain permission before using or setting a mark on private property. Take
care to return the landscape to the origina condition. Do NOT include the name and
phone number of the property owner in the station description unless the land is owned
by abusiness, or the owner requests to have the information included in the description.

5. HORIZONTAL CONTROL - A sufficient number of high accuracy stations (as
required by NGS-58 and/or Attachment B) shdl be recovered to provide horizontal
control for the project. If the distribution isinadequate, the contractor shdl then
recover A-order, B-order, first-order, or second-order horizontal control stations (in
that order) established with GPS, limiting the search to the number and/or area
needed to provide enough control for the project. If thereis il insufficient horizonta
control for the project, the contractor shal extend the area of the search until enough
control isfound. Notify NGS of this Stuation immediately.

6. VERTICAL CONTROL - A aufficient number of high accuracy saions shdl be
recovered to provide vertical control for the project. If the distribution is inadequate,
the contractor shdl expand the recovery area. Consult “Guiddines for Etablishing
GPS-Derived Orthometric Heights,” SOW, Attachment B to determine the required
number and spacing of bench marks

7. BENCH MARK SPIRIT LEVEL TIES - If the reconnaissance indicates that the
number and/or distribution of bench marks with good sky vishility isinadequate, spirit
level ties may be made to transfer an devation from a bench mark to a nearby existing
or new survey point that does have good sky vishility. Every effort should be made to
recover existing bench marks before using this method. Transferring elevationsto
exigting horizonta control marks is preferable to setting new marks. Temporary marks
shdl not be used. The project indructions may require these ties to be made using first-
, second-, or third-order specifications and standards. For third-order ties, see
Attachment N.

8. MARK RECOVERY DEFINITION - The “recovery” of acontrol station includes
aphysca vigt to the station to determine its usability by checking its identity,
ascertaining its unmoved position, and determining its condition, stability, vishility, etc.
and to prepare adigita updated description or recovery notein NGS format. To
ascertain itsidentity, check the mark type, disk type, and ssamping againgt the NGS
datasheet. To ensure its position, measure the distances from the reference marks
and/or the distances from the reference points and Witness Post. Also, the angle
between the reference marks could be checked. Station descriptions and recovery
notes must be submitted in computer-readable form usng WDDPROC software
avalableon-lineat:

http://www.ngs.noaa.gov/PC_PROD/DDPROCA.X X/ddproc.index.html. See detailed
indructions in Attachment H.




9. MARKS RECOVERED BUT NOT USABLE - For marks which are recovered
but are postively not usable due to complete tree canopy, €tc., the recovery
requirements may be reduced to just a smple recovery note such as, “RECOVERED
ASDESCRIBED. THE MARK CAN NOT BE OCCUPIED BY GPSDUE TO
COMPLETE TREE CANOPY.” For margindly usable marks, fulfill the norma
recovery requirements including Vishility Diagram, photographs, etc. because the mark
may be needed depending on other marksin the area.

d. VISIBILITY DIAGRAM - For adl marks, recovered and proposed, the contractor shall
prepare avishility obgruction diagram using the form found at:
http://www.ngs.noaa.gov/PROJECTSFBN/ (click on“Forms” then dlick on “Vighility
Obgtruction Diagram”).

e. PENCIL RUBBINGS - Rubbings are no longer required during the recovery of a survey
mark. Rubbings are required at the time of each observation at that station.

f. PHOTOGRAPHS
1. RECOVERED STATIONS- The contractor shal take at least three photographs of
each existing control station per Attachment .
2. PROPOSED SITES OF NEW STATIONS - Two photos, see Section 10.2g.
3. NEW STATIONS AFTER SET - Three photos, see Section 10.4.
4. CONCRETE MARK HOLE - One photo, see Section 10.4.

g. PROPOSED NEW STATION SITES - It ishighly preferable to use existing marks rather
than set new marks. The contractor shal propose sites for new stations as required and
propose the type of mark to be set in the “Comments/recommendations’ column of the “ Station
Table’, see Section 10.3. Preiminary digital descriptions shall be prepared as well as vighility
diagrams. Take two photographs of proposed Sites, one at eye level, oriented verticaly
downward showing the ground in the area of the proposed mark (photo #2) and one oriented
horizontaly showing the nearest satellite obstruction or identifying fegture if no obstructions
(photo #3). After the mark is set, capture photo #1 and update others asrequired. Note, see
Attachment | for digita photograph requirements.

h. GPS POSITIONS - Obtain a hand-held GPS (pseudo-range) postion for al marks found
and for proposed stesfor new marks. Include this postion in the text of recovery notes and
descriptions. Dataformat: DDD MM SS.ss. Upon returning to the station, the Contractor
ghdl use the description to find the station and not rely strictly on the GPS position.

i. DESTROYED SURVEY MARKS - Metd survey disks which have been moved, are very
loose, or otherwise damaged so that they can no longer serve as survey marks are to be
removed, have updated recovery notes written describing the mark as destroyed, and the disk
sent to NGS. A mark shall not be described as destroyed unless the disk is found and returned
to NGS.



J. DAMAGED SURVEY MARKS - Any exigting disk which is selected to be used should be
repaired if found loose or with edges exposed. Any work doneto repair adisk shall be
described completdly in the digita recovery note. Extreme care shal be taken not to dter the
exiging horizontal or vertical postion of the disk. Disk longevity can be increased substantialy
by smply adding highway epoxy or the equivaent when the edges of adisk are exposed, thus
preventing ice from forming under the disk and/or avandd from prying the disk from its
location.

For dl marks used in this survey, perform mark maintenance as stated above, including
replacing logo cap lids if missng. Contact NGS for recommendations in unusua cases. Notify
NGS of any other marks that need mark maintenance. Examples of mark maintenance
problems include: loose disk, exposed edge of disk, missing logo cap, missing logo cap lid,
exposed edge of concrete monument, or imminent danger of destruction.

k. MARKS NOT FOUND - As stated in Section 10.2c, the contractor shall make an
extensve physical search for dl control stations found in the database search(s). If the mark is
not found, enter the number of person-hours spent searching into the digita recovery note. Do
not state that the mark is destroyed smply because it was not found. If strong evidence exists
that the mark has been destroyed, State the evidence.

10.3HTMOD SURVEY PLAN - After reconnaissance but prior to mark setting or observations, the
contractor shall submit aHTMOD Survey Plan (one paper copy and one digita copy).

to the NGS Point of Contact (POC). NGS will review the Plan as soon as possible, normally within
ten work days, and will send the contractor written comments and/or gpprova. The contractor shdl
not begin mark setting or data collection until the Plan is approved by NGS. The Plan will include at
least the following sections:

ITEM FORMAT
a Text with summary of survey planning, Peper & digital
b. Station table (see details below and sample Peper & digital
a Attachment M),
cl. Origind recovery notes on NGS Station Description/ Paper
Recovery Note Form
c2. Digita recovery notes from WDDPROC Paper & digital
d1. Origina descriptions on NGS Station Description/ Paper
Recovery Note Form
d2. Digital preiminary station descriptions (WDDPROC) Peper & digital
e. GPS satdlite vishility diagrams, for old and Paper
proposed new stations,
f. Project Sketch, to scae (different symbols for old and Peper & digital
new gtation locations), and indicating how stations are
connected during the primary, secondary, & locd surveys,
0. Digita photographs, print al for one mark on one page Peper & digital
h. Proposed instrumentation (receivers and antennas), Peper & digital
i. Proposed data collection and processing software, and Paper & digita
| Detailed GPS observation plan Paper & digitdl.



Note, printouts of the NGS station data sheet are not required.

The Station Table will include the station designation (name), PID (Permanent Identifier), type (FBN,
PACS, etc.), establishing agency, order, stability, condition at recovery, and
comments'recommendations. For new stations, include the proposed name in the “Name”’ column,
identify them as “proposed” in the“Type’ column, and indicate the proposed type of mark (rod,
concrete, disk in bedrock) in the “ Comments/Recommendations’ column. For existing sations,
the name and PID must be used exactly as listed in the NGS database and must be thisway in al survey
records. For existing stations found but not proposed to be used, state the reason(s) in the
“CommentsRecommendations’ column. See sample in Attachment M.

If the existing high accuracy GPS horizonta control stations are of sufficient accuracy and ditribution,
the primary network of 5-hour sessions may not be required. Contact NGS.

10.4 MARK SETTING - After the HTMOD Survey Plan is approved by NGS, the Contractor may
begin fiedld work. Marks shal be set to NGS specifications for type, length, materid, stability, Ssamping,
driving, etc. outlined in “ Geodetic Bench Marks’ and AttachmentsE, F, and G.  Per Attachment G,
Section C11, therod is driven to refusa, or until adriving rate of 60 seconds per foot isachieved. After
thisis achieved, the minimum acceptable length for the required “B” stability rod mark isnormally 4
meters; see reference “ Geodetic Bench Marks,” page 27, Table 3 (in other words, arod driven to
refusdl that islessthan 4 meterslong is not acceptable). The preliminary station descriptions shdl be
updated after the mark is set, and photograph #1 (close-up, see Attachment 1) shall be captured along
with updates of other photographs, as required. For concrete marks, take a photograph after the hole is
dug and before the concrete is poured showing alevel rod in the hole (to show the depth of the hole).
The file name for this photo will start with “RE” for reconnaissance; see Attachment |.

10.5 GPS POSITIONING PROCEDURES - GPS data shall be collected using GPS equipment
meseting the following criteria the receiver model shal have been evaluated againgt the Federd Geodetic
Control Subcommittee (FGCYS) test network, shal be a state-of-the-art, dual-frequency receiver with
high quaity C/A code or P code pseudo-ranges, shdl be capable of measuring full wavelength L2
carrier phase, shdl function acceptably in an Anti-Spoofing environment, and shall consst of a geodetic
quality antenna with ground plane designed to reduce mullti-path, and shall have an antennamodd that
has been calibrated by NGS.

a. TRIPODS - Fixed height tripods must be used. Tripodswith multiple height settings
should be sat to the highest pogition. Al tripods shadl be tested for sability, plumb dignment
(straightness of center pole), and height verification at the beginning and end of the project. All
tripods shdl be examined for stability with each use. Ensure that hinges, clamps, and feet are
secure and in good repair. Also, check, and adjust if necessary, the position of the bubblein the
crcular vid.

b. GUIDELINES - The Contractor shdl follow guidelines for establishing GPS-derived heights
documented in NOAA Technicd Memorandum NOS NGS-58 (dllipsoidal) and Attachment B
(orthometric). Note, use 45 minute observation periodsrather than the 30 minutes
specified in NGS-58 for stationsother than “control stationsand primary base
stations.”



c. OBSERVATION FORM - The Contractor shall use the NGS GPS obsarvation form found
a: http://www.ngs.noaa.gov/PROJECTS/FBN/ (Click on “Forms” then click on “GPS
Observation Log”).

d. PENCIL RUBBINGS - The contractor shal capture a pencil rubbing of amarks stamping
(disk or logo cap) each time the mark is occupied for observations. Use the form found at:
http://www.ngs.noaa.gov/PROJECT S/FBN/ (Click on “Forms,” and then click on “Pencil
Rubbing Form™). When not feasible to make the required rubbing, a sketch of the mark shall be
subdtituted accurately recording al markings.

10.6 VECTOR PROCESSING (See also NGS-58)

a CONTROL AND BASE STATIONS - Vector processing shdl be performed using the
latest version of NGS software package PAGE-NT or equivaent. The equivaent of PAGE-NT
is subjective, and is based on the software's ability to correct for the same systemétic errors that
PAGE-NT corrects, apply the NGS required antenna phase pattern variations, and reproduce
the same results as PAGE-NT. This determination will be made by NGS.

The NGS PAGE-NT software package and User’s Manud are available via anonymous FTP
from NGS (see Attachment C). Follow the vector processing guidance below and the PAGE-
NT User'sManud.

Vectors shdl be processed using a 15-degree elevation mask

The grouping of vectorsinto processing sessions for each day of observationsis determined by
two factors. 1) the required reference station and 2) the distance of each solved gtation from the
reference station. This vector distance determines the final solution type to be run in PAGE-NT.
Reference station requirements are detailed in the sections below. Use the following table for
grouping vectors into sessions according to vector length:

PAGE-NT Final Solution Type Deter mination

Vector Distance for Processing Find Solution Type
Session
less than 5km L1 Fixed
5-100km lon-Free Fixed

|GS precise orbit data and NGS National CORS data must be used in data processing. For
information on downloading CORS data and ephemeris data from NGS via the Internet, see
Attachment C.



International Earth Rotation Service Terrestrial Reference Frame (I TRF) station
coordinates shall be used for all vector reductions. Information about ITRF isavailable on
the NGS Web site, under "PRODUCTS and SERVICES." Seel
http://mww.ngs.noaa.gov/products servicesshtml . The current ITRF epoch must be used in
computations. If ITRF coordinates are not avallable for the reference ations, transform
coordinates from NAD 83 with NGS program HTDP.

The Antenna Height value entered into the PAGE-NT “Station Information” menu “Up” fidd is
the distance from the monument to the Antenna Reference Point (ARP). For example, 2.000
meters is the Helght-of -Instrument for some fixed height tripods. The monument for aCORS s
generdly coincident with the ARP; therefore, 0.000 is entered for a CORS station unless an
offset islisted on the CORS coordinate sheet. PAGE-NT will automatically add a constant
factor for the ARP to L1 phase center distance when it merges the data

Review the PAGE-NT generated plots and text outputs to anayze each processing sesson.
PAGE-NT soverdl RMS-of-fit of the post-fit, double-difference resduas should not exceed
2.0 cm. Investigate individua satellites with ardatively high RMS or where integers can not be
fixed. Also review thefilesfor input errors such as improper reference station coordinates,
antenna height errors, or improper sation names. Check al manua input and indicate thet it has
been checked by placing “check marks’ next to each entry; the checker shall dso initid each

page.

b. SECONDARY AND LOCAL STATIONS - For these stations, vector processing can be
performed using the GPS manufacturer’ s latest version of the vector processing software
package, with NGS approval.

Vectors shdl be processed using a 15-degree eevation mask.

Refer dso to publication NGS-58.

10.7 VECTOR ANALY SIS - For control and primary network requirements, the differencein
elipsoid height between repeat observations shdl not exceed 5.0 cm.

For secondary and local network requirements, the difference in dlipsoid height between repeat
observations shall not exceed 2.0 cm. See NOS NGS-58 for further explanation.

10.8 ADJUSTMENT PROCESSING - For computation of the positions and dlipsoid heights, the
control and primary networks will be combined into one top level network, and the secondary and loca
networks shal be combined into one lower level network. The control used will include dl CORS,
FBN/CBN gtations, and any stations adjusted in previous levels of the project. Four adjustments are
required for each of these two levels of the network, each conssting of: (1) free (minimaly constrained)
with one control gtation fixed, (2) congrained with dl CORS dations fixed, (3) congtrained with al
control gations fixed (horizonta and dlipsoida heights), and (4) fina free with accuracies.

For computation of the orthometric heights, the top level and lower level networks shdl be combined
and adjusted as one network. Two adjustments are required for this network: (1) free with one control
dation (with NAVD 88 orthometric height) fixed, and (2) fully consgtrained with dl vertica control fixed.



For further explanation see NGS-58 and Attachment B. Regarding the fully constrained vertical
adjustment, the contractor shdl begin by performing an adjustment with al bench marks fixed and
andyzing the results to determine which bench marks agree and which don't. After non-fitting bench
marks are diminated, a new adjustment will be performed and the results sent to NGS, with
explanations, for approval.

CHECKING PROGRAMS - Execute the following four programs and submit the outpui:

COMPGB - tests the consstency and compatibility of the two required files, i.e,, the B-file
(GPS Project and Station Occupation Data) and the G-file (GPS Vector Data Transfer file) for
a GPS project.

OBSDES - compares a horizontal Blue Book Description data set with its respective Blue
Book Observation data set. OBSDES produces alist of error messages along with the
description data set record and observation data set information.

OBSCHK - checks the Blue Book B-file and the G-file.

CHKDESC - vdidates al descriptionsin adescription (*.DSC) file.
10.9 DATA SUBMITTAL - Find project data shal be submitted in Blue Book format. The Project
Sketch, descriptions, photos, project adjustments, reports, etc., shal be both paper and digitd, if
possible. Submit al origina datarecords, see Sections 2.7, 7.1, 10.3, and 13.
10.10 MANUALS AND TRAINING - The contractor may be required to produce manuals and other
training ads (such as Power Point presentations) explaining the Height Modernization processin

portions or in its entirety. In addition, the contractor may be required to conduct training courses using
the above materials.

11. SURVEY WORK FOR LIDAR SURVEYS

11.1 PURPOSE - LIght Detection And Ranging (LIDAR) airborne surveys may be required. This
work may include the survey of LIDAR cdibration sites, airports, shoreline, and/or ground control.
These types of work may require high data density and high data accuracy. In addition, datafor the
tops of features and/or ground surface may be required. LIDAR calibration may be required over
cdibration test Sites, and ground control in the operational areamay be required. Standard safety
procedures and regulations shdl be followed.

11.2 RECONNAISSANCE - The project areawill be defined in the Project Ingtructions. Project
planning shall be based on parameters supplied in the Project Ingructions. Very high accuracy and very
high density spot spacing may be required. One or more ground GPS base gtations within 40km of the
project areashal be required. The contractor shal perform a database search for high accuracy GPS
control stationsin the project area and then perform ground recovery of the required station(s). See
Section 10.2 for additiona information on database searches and mark recovery.



11.3LIDAR SURVEY PLAN - After reconnaissance but prior to observations, the contractor shall
submit aLIDAR Survey Plan to the NGS POC. NGS will review the Plan as soon as possible,
normaly within five work days, and will send the contractor written comments and/or approva. The
contractor shdl not begin data collection until the Plan is gpproved by NGS.  The Plan shdl include at
least the following sections:

a Text with summary of survey planning,

b. Hight line layout,

c. Hight parameters. dtitude, speed, scan angle, scan rate, forward tilt, laser pulse rate, beam
divergence, aircraft, etc.,

d. Planned spot spacing, size, and accuracy,

e. Panfor cdibration,

f. List of hardware (brand and models) and software (brand and versions), and

g. Ground Station Table (see below).

h. Summary of data collection procedures, and

i. Summary of data processing procedures.

The Ground Station Table will include the gation designation (name), PID (Permanent Identifier), type
(FBN, PACS, €tc.), establishing agency, order, stability, condition at recovery, and
comments'recommendations. Include proposed name and monument type of any new gations to be set
and identify them as “proposed” in the “type’ column. For exigting stations, the name and PID must be
used exactly as listed in the NGS database and must be thisway in dl survey records.

11.4 AIRCRAFT GPS POSITIONING AND ORIENTING PROCEDURES - All LIDAR datawill
be positioned using kinematic GPS and oriented with an inertid system. The contractor will report
heights of antenna, and modd and serid numbers of al equipment used.

Theinertid system must be capable of outputing and recording the sensor attitude, in dl three axes, at
least 200 times per second and to provide data accurate to 25 arc seconds.

KINEMATIC GPS - All LIDAR data shdl be positioned using airborne kinematic GPS using at |least
two GPS recaivers. Recelvers must be dud-frequency, geodetic quaity receivers which are cagpable of
collecting carrier phase data a one second intervals for post-processing and time-tagging LIDAR data.
Data shdl be callected from a minimum of four satellites, (five or more preferred) at both the aircraft and
the ground GPS gation. All datamust be collected with a PDOP of less than seven. The GPS
receivers must be equipped with the appropriate type of antenna. The vector from the aircraft GPS
antenna to the LIDAR data collection point must be accurately measured. The entire LIDAR-GPS
system should be capable of determining the three-dimensiond position of the LIDAR data collection
point within 0.5 meter relaive to the Nationa Spatial Reference System (NSRS). The arcraft should
maintain GPS satdlite lock throughout the entire flight misson. If satellite lock islogt, on-the-fly
ambiguity methods may be used to recapture lock while airborne. Report these instances, procedures
used, and any other unusual occurrences.



11.5 GROUND STATION POSITIONING PROCEDURES - The ground GPS station must be a
monumented Station accurately tied to the NSRS, positioned to 0.1 meter accuracy or better, and should
be within or near to the project area. An existing or new station may be used. Additiond ground GPS
receivers may be required. The contractor shal collect, process, and submit the ground and airborne
GPS data, both origina dataand fina processed data.

a. EXISTING GROUND STATION - Set up the ground-based receiver over a known,
permanently marked, high accuracy NSRS survey point and run it continuoudy during the photo
mission. For an exiging NSRS gation, write adigital recovery note in NGS format and take
three photographs as specified in Attachment | (use the FBN tation option). Prepare a GPS
vighility diagram. Carefully measure the height of antenna.

b. NEW GROUND STATION - A new station must be positioned relative to the NSRS by
tying to one or more NGS CORS by satic, dua-frequency geodetic GPS methods. If the
distance to the nearest NGS CORS is less than 50 miles, use at least two independent sessions,
each two hourslong. If the distance to the nearest NGS CORS is gregter than 50 miles, use at
least two sessions, each four hourslong. NSRS stations other than an NGS CORS may be
used with NGS approval. Make a separate tripod set-up and height measurement for each GPS
on. Take extreme carein recording the accurate height of the antenna.

For anew dation, write adigital station description in NGS format. The dtation shall be marked with a
permanent mark to NGS specifications. Take three photographs as specified in Attachment | (use FBN
dation option). Prepare a GPS vighility diagram. Data shdl be submitted in NGS “Blue Book” formet.
For additiona specification guidance on mark setting, GPS observations,

data processing, and data submittal, see the “ General Specifications for Aeronautica Surveys, Volumel,
Establishment of Geodetic Control on Airports’ at:

http:/Amww.ngs.nosa.gov/AERO/aerospecs.htm#vol 1. Also, Static observations may be processed using
the NGS “On-Line User Positioning Service” (OPUS) found at:

http://mwww.ngs nosa.gov/OPUS/index.htm .

11.6 LIDAR DATA COLLECTION - The contractor shal perform daily (preferably for each flight)
equipment calibrations.

11.7 LIDAR DATA PROCESSING - When the project indructions call for high accuracy, the
contractor shall take specia carein processing the LIDAR data, especialy with regard to editing spikes,
which may actualy be red features. Data processing, especidly data cleansng and filtering methods,
shdl be fully described in the Find Project Report.

11.8 LIDAR DATA ANALY SIS - The contractor shall prepare a data quality analys's, including an
error budget, and include thisin the Fina Project Report. This analysiswill include a comparison of
LIDAR datawith ground truth data.

11.9 LIDAR PRODUCTS - Required products may include: contour maps, Digital Elevation Models
(DEM), Triangulated Irregular Networks (TINS), and intensity images.



12. FINAL PROJECT REPORT

12.1 HTMOD - The Find Project Report for HTMOD surveys shdl contain at least the following
sections:

a An overview discussion of the planning, field work, data collection, data processing,
adjusment, and data error andysis. This discusson should include a summary of the results,
problems encountered, conditions affecting progress, and any unusua circumstances. Include
comments on any deviations from the HTMOD Survey Plan, Project Ingtructions, or this SOW
(include comments from weekly Status Reports).

b. A written description and analysis of the quality control performed; tables showing check
positions, alising and analysis of dl unusud circumstances, discrepancies, and deviaions, and
the Qudity Control Plan.

c. A ligting of personnd who worked in the field and/or were involved with the data processing
for this project.

d. A liging of the brand, modd number, and serid number of dl survey equipment (GPS
receivers, antennas, levels, etc.) used in the project. List the quantity, brand, type, and
height of fixed height tripods used. Include any ingrumentation used for differentid leveing if
done.

e A liging of dl software, including verson, used during the project.

f. A find gation list: use atable format to list each sation and each observation sesson for the
dation.

g. A fina Project Skeich (Vector Diagram): update the vector diagram submitted with the
HTMOD Survey Plan (see Section 10.3). Submit only alarge size, readable plot
(approximately 24 x 32 inches). Include processing session designations on the vectorsiif
feasble. Note, adigital vector diagram may be required.

h. The vector processing scheme, observation time for the vector, solution type (ion-free, fixed,
etc.), and find RMS for the vector. Provide any comments on problems encountered or
anomalies with the processing session.

i. A list of the comparison of dl repeat base lines.
j- A detailed description of the project adjustment. Discuss each of the adjustments separately,

including fixed control and the source of the coordinates, lipsoid heights, and NAVD 88
elevation used.



k. A completed Project Submisson Checklist, see Attachment J. Also available on-line at:
http://Mmww.ngs.noaa.gov/FGCS/BlueBook/ (Click on“Annex L” and scroll down to page 9).

|. Recommendations for future projects.
12.2 LIDAR - The Find Project Report for LIDAR surveys shal contain at least the following sections:

a A written summary of the project with sub-section covering: planning, field work (agrid and
ground), data collection, cdibration, data processing, caibration analyss, data error andyss,
and product creation. This discussion shdl include a summary of the results, problems
encountered, any unusud circumstances, and conditions affecting progress. Include comments
on any deviations from the LIDAR Survey Plan, Project Ingtructions, or this SOW (include
comments from weekly Status Reports).

b. A written description and andysis of the qudity control performed; tables showing check
positions, alising and analysis of dl unusud circumstances, discrepancies, and deviaions, and
the Qudity Control Plan.

c. A table showing each flight line with a least the following informetion: date, time, dtitude,
airspeed, scan angle, scan rate, laser pulse rates, weather, and comments.

d. A liging of personnel who worked in the field and/or were involved with the data processing
for this project.

e A liging of the brand, model number, and serid number of al equipment (including LIDAR,
GPS receaivers, antennas, etc.) used in the project. Also list the quantity, brand, type, and height
of fixed height tripods used.

f. A liging of dl software, including version, used during the project.

g. A fina gation list: use atable format to list each station occupied and each observation session
for the station.

h. A map showing the coverage of the project.

i. Recommendations for future projects.

13. DELIVERABLES TO NGS

13.1 LABOR, EQUIPMENT, ETC. - The contractor shal provide al labor, equipment, supplies,
materials, and trangportation to produce and deliver the products as required under this Scope of Work,
except as shown in Section 3. Note, government supplied items are listed in Section 3.

13.2 GOVERNMENT SUPPLIED ITEMS - The contractor shdl return al government supplied
records (listed in Section 3) and all unused survey marks and logo caps to NGS.



13.3 QUALITY CONTROL PLAN - Before any field work begins, the Contractor shall submit to
NGS a Quality Control Plan covering al work (see Section 6). NGS will review this plan and respond
with an approva or comment |etter (or email) as soon as possible, normally within ten working days. If
a QC Plan was submitted as part of the original submission in response to the Federal Business
Opportunities announcement, this requirement may be smply an update of the earlier verson. Submit
paper and digita copies.

13.4 SURVEY PLAN - Before any mark setting or GPS observations begin, the Contractor shdl
submit aHTMOD and/or LIDAR Survey Plan (see Sections 10.3 and 11.3) to NGS. NGS will review
this plan and respond with an gpprova or comment letter (or email) as soon as possible, normally within
ten working days. Field work may commence after the Contractor receives the approval letter (or
email) and the Task Order, if required. See Section 10.3 for aligting of which items are to be submitted
on paper and which in digita format.

13.5 PROJECT STATUS REPORTS - The Contractor shall submit project status reports viaemail to
the NGS contacts in Section 14 every Monday afternoon by 2:00 P.M. Eastern Time, from the date of
the Task Order until the work is complete. These reports shdl include the percentage complete for each
of the mgjor portions of the work, the status of other work, where work is underway, where work is
completed (with dates completed), and any unusud circumstances and/or deviations from this Scope of
Work. Include the expected date of completion. This report should be brief and contain the current
information in the text of the email. Be sure to include the prime contractor’ s firm name on dl reports.

13.6 HTMOD PROJECT SKETCH (VECTOR DIAGRAM) - Submit a vector diagram showing all
computed vectors. Submit only alarge size, readable plot (gpproximately 24 x 32 inches).  Include
processing session designations on the vectorsif feasible. Submit a paper verson and adigital version, if

possible.

13.7 FIELD LOGS - Submit the origind verson of al the observation logs, pencil rubbing forms,
hand-written station descriptions/recovery notes, vishility diagrams, digital photographs, etc.

13.8 VECTOR PROCESSING OUTPUT - Submit paper copies of the COMBINED.SUM filesfor
any processing sessions that were difficult to process or produced questionable results. Submit paper
copies of any other files requested by NGS for quality control.

13.9 REPORTS - Submit aFina Project Report covering HTMOD surveys; see Section 12.1. Submit
aFinal Project Report for LIDAR surveys, see Section 12.2

13.10 HTMOD ADJUSTMENT AND CHECKING PROGRAMS - Submit a paper copy of the
output for programs COMPGB, NEWCHKOB, OBSCHK, OBSDES, CHKDESC, BBACCUR, and
ELLACC. Submit paper copies of al ADJUST files. Also, submit the digital data sheet or coordinate
filefor sations used for fixed control during the adjustment (CORS log/coordinate sheets, NGS data
sheet for HARN and bench mark coordinates, etc.).

13.11 ORIGINAL HTMOD DATA - Submit dl the origina, raw data, RINEX data, precise
ephemeris, and vector files. Include the CORS RINEX datafiles used for processing. For adl RAW
and RINEX datafiles not named by their occupied station four character 1D, submit an index of station
namesto RAW and RINEX file; see Section 10.9.



13.12 DESCRIPTIONS - Submit the finalized description file from the NGS WDDPROC software.
Submit both paper and digital formats. This includes the recovery notes submitted with the Survey Plan
and thefina version of the descriptions of new marks, written after the marks are set. Note,
descriptions and recovery notes should be written by one person and checked, in the field, by another.

13.13 ORIGINAL LIDAR DATA.- Onefilefor each flight.

13.14 LIDAR PROCESSED DATA - Data and products as required by Project Instructions. May
include: contour maps, DEMs, TINS, intensity images, and/or edited datafiles.

13.15 LIDAR PLANNING INFORMATION - Including flight maps and any other planning
documents.

13.16 TRANSMITTAL LETTER - For dl hardcopy data being sent via express mail, regular mall,
efc., prepare atranamittal letter listing dl items being sent. Include a copy of the transmittd letter within
the data package and send a second copy to the receiving office viaFAX or mail. The receiving office
will check the data package againgt the letter, sgn and date it, and FAX it back to the sender. Be sure
to include the prime contractor’s firm name on al tranamittals and communicetions. See sample
Trangmittal Lettersin Attachment L.

14. POINTS OF CONTACT - Send dl technical reports, comments, questions, data, etc. to the first
POC.

GeorgeE. Leigh Steve J. Frakes

Contracts Technical Manager National Geodetic Survey

National Geodetic Survey, NOAA Spatid Reference System Divison
ATTN: N/NGS; SSMC3, Sta. 8613 ATTN: N/NGS; SSMC3 Sta. 8853
1315 East-West Highway 1315 East-West Highway

Silver Spring, Maryland 20910 Silver Spring, Maryland 20910
301-713-3167 (301) 713-3194 ext 111

emall: George.L eilgh@noaa.gov emal: Steve.Frakes@noaa.qgov




ATTACHMENT A
EXPLANATIONS OF GOVERNMENT SUPPLIED MATERIALS
A.l TRANSMITTAL LETTER

A letter containing alist of dl items shipped to the contractor for a particular survey, the date the items
were shipped, and the name and address of the individua who shipped them. The contractor is
responsble for verifying the receipt of al itemslisted and returning asigned copy of the trangmittal |etter
to the address listed.

A.2 PROJECT INSTRUCTIONS FOR GROUND SURVEY S

A st of ingructions which is specific to aparticular survey. The Project Ingtructions will typically
contain the following sections
A. Project
i. Project Name
il. Geogrgphic Limits
iii. Project Identification Number
iv. Sizeof project/ number of points
v. Point of Contact
B. Control
Information on al existing horizonta and vertical control pointsin the project areaon
CD-ROM.

A.3. CD-ROM CONTAINING NGSDATA SHEETS FOR CONTROL STATIONSIN
DSDATA FORMAT

NGS data sheets will be provided to the contractor on a CD-ROM. DSDATA isthe traditiona format
of NGS data sheets. Information in thisformat can be manipulated by NGS programs DSX,
DSSELECT, etc.

A.4. BRASSDISKS and LOGO CAPS
NGS will supply standard, pre-stamped disks with the NGS logo or pre-stamped logo caps. These

disks or logo caps shdl be used by the contractor for NGS projects only. The Contractor should notify
NGS of the approximate quantity required.
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A GUIDE FOR ESTABLISHING GPS-DERIVED ORTHOMETRIC HEIGHTS
[Standards: 2 cm and 5 cm]
Version 1.3

Preface:

In November 1997, guidelines were developed by the National Geodetic Survey (NGS) for performing Global
Positioning System (GPS) surveysthat are intended to achieve ellipsoid height network accuracies of 5 cm at the 95
percent confidence level, aswell as ellipsoid height local accuraciesof 2 cm and 5 cm, also at the 95 percent
confidence level (Zilkoski et al. 1997). See Appendix A for information about local and relative ellipsoid height
accuracies and Appendix B for information on the basic requirements for 2-cm ellipsoid height standards.

The following guidelines were developed by NGS for performing GPS surveys that are intended to achieve
orthometric height network accuracies of 5 cm at the 95 percent confidence level, aswell as orthometric height
local accuracies of 2 cmand 5 cm, also at the 95 percent confidence level. /These guidelineswere developed in
partnership with Federal, state, and local government agencies, academia, and private surveyors.

We are confident that these guidelines, if followed, will result in achieving the intended accuracy. Additiona analysis
may show that some of these guidelines can be relaxed in the future. These guidelines areintended for establishing
vertical control networks.

Note: these guidelines assume that for the survey project areain question, NGS has completed the establishment of a
high accuracy reference network at 100-kilometer spacing or that astate-wide High Accuracy Reference Network
(HARN) has been established, i.e., there are A- or B-order stations distributed throughout the state at an approximate
spacing of 50 km or else there are Federal HARN stations or GPS Continuously Operating Reference Station (CORS)
sites located within 75 km of the project area.

An effort should be made to connect to stations which were previously determined using these guidelines (or
equivalent).

Introduction:

Since early 1983, NGS has performed control survey projectsin the United States using GPS satellites. Analysis of
GPS survey data has shown that GPS can be used to establish precise relative positions in a three-dimensional
Earth-centered coordinate system. GPS carrier phase measurements are used to determine vector base linesin space,
where the components of the base line are expressed in terms of Cartesian coordinate differences (Remondi 1984).
These vector base lines can be converted to distance, azimuth, and ellipsoidal height differences (dh) relative to a
defined reference ellipsoid.

During the past decade, results from projects have clearly shown that GPS survey methods can replace classical
horizontal control terrestrial survey methods. However, until recently, there was a problem in obtaining sufficiently
accurate geoid height differencesto convert GPS-derived ellipsoid height differences to accurate GPS-derived
orthometric height differences (Zilkoski and Hothem 1989, Hajela 1990, Milbert 1991). Theinterest in obtaining
accurate GPS-derived orthometric heights has increased during the last several years (Parks and Milbert 1995, Kuang
et al. 1996, Satalich 1996, Zilkoski and D’ Onofrio 1996, Henning et al. 1998, Martin 1998). Can the accuracies achieved
for these orthometric height differences now provide aviable aternative to classical geodetic leveling techniques?

With the completion of the general adjustment of the North American Vertical Datum of 1988 (NAVD 88) (Zilkoski et
al. 1992), computation of an accurate National high-resolution geoid model, GEOID99 (Smith and Roman 2000), and
development of NGS' Guidelines for Establishing GPS-Derived Ellipsoid Heights (Standards: 2

cm and 5 cm) (Zilkoski et a. 1997), the answer isyes -- GPS-derived orthometric heights can now provide aviable
alternative to classical geodetic leveling techniques for many applications.



Orthometric heights (H) are referenced to an equipotentia reference surface, e.g., the geoid. The orthometric height of
apoint on the Earth's surface is the distance from the geoidal reference surface to the point, measured along the
plumb line normal to the geoid. Ellipsoid heights (h) are referenced to areference ellipsoid. The ellipsoid height of a
point is the distance from the reference ellipsoid to the point, measured along the line which is normal to the ellipsoid.
At the same point on the surface of the earth, the difference between an ellipsoid height and an orthometric height is
defined as the geoid height (N).

Several error sources that affect the accuracy of orthometric, ellipsoid, and geoid height values are generally common
to nearby points. Because these error sources are in common, the uncertainty of height differences between nearby
pointsis significantly smaller than the uncertainty of the absolute heights of each point.

Orthometric height differences (dH) can then be obtained from ellipsoid height differences by subtracting the geoid
height differences(dN):

dH = dh - dN.

Adhering to NGS' guidelines, ellipsoid height differences (dh) over short base lines, i.e., less than 10 km, can now be
determined from GPS phase measurements with 2-sigma uncertainties that are typically better than +/- 2em. Thisis
now possible because of the availability of a greater number of satellites, more accurate satellite orbits, full-
wavelength dual-frequency carrier phase data, improved antenna designs, and improved data processing techniques.

It should also be noted that the GPS-derived ellipsoid height guidelines documented by Zilkoski et al.(1997)were
intentionally designed to produce ellipsoid heights slightly better than 2 cm, i.e., about 1.4 cm, so that they could also
be used when generating 2-cm GPS-derived orthometric heights. The requirement that each base line must be
repeated and agree to within 2 cm of each other, and because they must be obtained on two separate days during
different times of the day provide afinal GPS-derived ellipsoid height better than 2 cm at the 2-sigmalevel. The
requirement that spacing between local network station cannot exceed 10 km helpsto keep therelative error in geoid
height smadll, i.e., typically lessthan 0.5 cm. Adding in the small error for the uncertainty of the geoid height
difference and controlling the remaining systematic differences between the three height systems will produce a GPS-
derived orthometric height with 2-sigma uncertainties that are typicaly +/- 2 cm.

In many aress of the United States, geoid height differences can be determined with uncertainties that are typically
better than 1 cm for distances of as much as20 km and less than 2-3 cm for distances from 20 to 50 km (Zilkoski and
D’ Onofrio 1996, and Henning et al. 1999). The small values for the differential geoid height uncertainties have been
demonstrated in tests in severa regions of the United States. Larger uncertainties can be expected in other areas,
depending on the density of the observed gravity network and uncertainties in the determination of observed and
interpolated gravity anomalies.

When high-accuracy field procedures are used, orthometric height differences can be computed from measurements

of precise geodetic leveling with an uncertainty of less than 1 cm over a 50-kilometer distance. Less accurate results
are achieved when third-order leveling methods are employed. Depending on the accuracy requirements, GPS

surveys and present high-resolution geoid models can be employed as an alternative to classical leveling methods. In
the past, the primary limiting factor was the accuracy of estimating geoid height differences. With the computation of
the latest National high-resolution geoid model, GEOI D99, and the development of the 2- and 5-cm guidelines for
estimating GPS-derived ellipsoid heights (Zilkoski et al. 1997), the limiting factor is ensuring that the NAVD 88
orthometric height values used to control the project are valid. Strategically occupying bench marks with GPS that
have valid NAVD 88 heightvaluesis critical to detecting, reducing, and/or eliminating blunders and systematic errors
between the three height systems.

The 3-4-5 System:

There are three basic rules, four control requirements, and five procedures which need to be adhered to for estimating
GPS-derived orthometric heights. This document describes these rules, control requirements, and procedures
required for estimating GPS-derived orthometric height to meet 2- and 5-cm standards. It isthe intent of this
document to keep the explanation of rules, requirements, and procedures to a minimum. Detailed explanations can be
found in the referenced reports.



Basic Rules for Estimating GPS-Derived Orthometric Heights:

There are three basic rules that a user must follow when estimating accurate GPS-derived orthometric heights:

Rule 1: Follow NGS' guiddines for establishing GPS-derived ellipsoid
heights when performing GPS survey (Zilkoski et a. 1997),

Rule 2: Use NGS' latest National Geoid Moddl, i.e., GEOID99, when
computing GPS-derived orthometric heights (Smith and Roman 2000), and

Rule 3: Usethelatest National Vertica Datum, i.e., NAVD 88, height values to control the project’s adjusted
heights (Zilkoski et al. 1992).

Basic Control Requirements for Estimating GPS-Derived Orthometric Heights:

When the user follows the three basic rules above, there are only four
basic control requirements for estimating GPS-derived orthometric heights:

Requirement 1: GPS-occupy stations with valid NAVD 88 orthometric
heights, stations should be evenly distributed throughout project.

Requirement 2: For project areas less than 20 km on‘aside, surround
project with valid NAVD 88 bench marks, i.e., minimum number of
stations is four; one in each corner of project:[NOTE: Theuser may
have to enlarge the project area to occupy enough bench'marks even if
the project area extends beyond the original area of interest.]

Requirement 3: For project areas greater than 20 km on a side, keep
distances between valid GPS-occupied NAVD 88 bench marksto less
than20 km.

Requirement 4: For projects |ocated in mountai nous regions, occupy
valid bench marks at base and summit of mountains, even if distance

islessthan 20 km.

[NOTE: Valid NAVD 88 height values include, but are not limted to, the
foll'owi ng: bench marks which have not noved since their heights were | ast
determ ned, were not msidentified, and are consistent with NAVD 88.]

Basic Procedures for (Estimating GPS-Derived Orthonetric Heights:

When the user follows the three basic rules and four control requirenents
stated above, there are only five basic procedures that need to be foll owed
for conputing accurate GPS-derived orthonetric heights.

Procedure 1: Performa 3-D mini mumconstraint |east squares adjustnent of
the GPS survey project, i.e., constrain one |atitude, one |ongitude, and one
orthonetric height val ue.



Procedure 2: Using the results fromthe adjustnent in procedure 1 above
detect and renove all data outliers. [NOTE If the user follows NGS
gui delines for establishing GPS-derived ellipsoid heights, then the user will
al ready know which vectors may need to be rejected and following the GPS-
derived el lipsoid hei ght guidelines should have al ready reobserved those base
lines.]

The user should repeat procedures 1 and 2 until all data outliers are renoved

Procedure 3: Conpute differences between the set of GPS-derived
orthonetric heights fromthe mni numconstraint adjustnent (using the |atest
Nati onal geoid nodel, i.e., GEQ DI99) from procedure 2 above and publi shed NAVD
88 bench narks

Procedure 4. Using the results fromprocedure 3 above, determ ne which
bench narks have valid NAVD 88 height values. This is/the nost inportant step
of the process. Determ ning which bench marks have valid heights<is critica
to conputing accurate GPS-derived orthonetric heights. [ NOTE: The user shoul d
include a few extra NAVD 88 bench nmarks in case some are inconsistent.]

Al differences between valid bench marks need to agree within 2 cmfor 2-cm
surveys and 5 cmfor 5-cmsurveys. [NOTE: For nost small areal extent, e.g.,
20 kmby 20 km in the contermnous United States, using NGS |atest National
Geoi d Mbdel shoul d produce satisfactory results (see Hennings et. al, 1998).
There may, however, appear to be a systenatic tilt over large areas, i.e., 50
km by 50 km but with NAVD 88 vertical control occupied with GPS every 20 km
this tilt should be accounted for in the final constrai ned adjustnment. The
user should estimate | ocal systematic differences between GPS-derived hei ghts
and | evel i ng-derived heights by solving for the geoidal slope and scale. [See
Vi ncenty (1987)and Zil koski 1993].

Procedure 5: Using the results from procedure 4 above, performa
constrai ned adjustment fixing one |atitude and-one |ongitude value and al
val i d NAVD88 hei ght val.ues.

The user shoul d al ways ensure that the final set of heights weren't distorted
by the adjustnent process. |f the user followed the procedures outlined
above, then thiss should not occur, but there is a fairly sinple way of
checking for blunders.

The user shoul d conpute the differences between the final set of GPS-derived
orthonetric heights from procedure 5 and the nini mum constrai ned set of
hei‘ght s from procedure’ 2. The differences between nei ghboring stations should
be small, i.e., 1 cm(see Henning et al., 1998). |If these differences exceed
2 cm it is possible that an incorrect or invalid station value was held
fixed.

During the | ast decade, several NGS reports have been prepared that describe

t hese procedures in nore detail (Zlkoski and Hothem 1989; Zil koski, 1990a;

Zi | koski, 1990b; Zzilkoski, 1993;and Henning, et. al, 1998). These reports are
avail able from NGS web site at http://ww:. ngs.noaa.gov. Although, it should

be mentioned that because of inprovenents in high resolution geoid nodels, the
inmplenentation of the full constellation of GPS, the conpletion of the NAVD 88
project, inmprovenents in GPS equi pnent and processing software, and the

devel opnent of guidelines for estimating GPS-derived ellipsoid heights, the

m ni mum steps outlined in the above reports only need to be considered when a
problemis detected when performng the five procedures. However, the




reports, even thought they are slightly out of date because of inprovenents in
geoi d nodel s and technol ogy, should provide the necessary infornmation for the
user to understand how to performthe five procedures stated in these
guidelines. |In particular, the report titled “NGS/ Caltrans San D ego GPS-
Derived Orthonetric Hei ght Cooperative Project” denmonstrates the ninimum steps
required to estimate and eval uate a GPS-derived orthonetric hei ght project.
Today, the 10 steps are sinplified into five procedures, but they may still
need to be consi dered when doing some projects. Appendix Ccontains a |ist of
the 10 steps outlined in the San Diego GPS Project report and appendi x D
contains a brief description of the five procedures using a sanple project.

Submi ssion of Data to the National Ceodetic Survey:

"lInput Formats and Specifications of the National Ceodetic Survey (NGS) Data
Base, " commonly called the "Blue Book," is a user's guide for preparing and
submitting geodetic data for incorporation into NGS' data base. Survey data
that are entered into NGS data base becone part of the National< Spati al

Ref erence System (NSRS), fornerly the National Geodetic Reference System The
gui de conprises three volumes. Volune | covers classical horizontal geodetic
and d obal Positioning System (GPS) data, volume |l covers vertical geodetic
data, and volune 111 covers gravity data. Beginning with this edition, the
three formerly separate volunes are distributed as a.set, since a great deal
of information is comon to each volune. Because sonme of the chapters and
annexes are identical in all three volunes, the original nunbering design has
been ret ai ned.

The formats and specifications are consistent with the ains of the Executive
O fice of the President, Ofice of Managenent and Budget's (OwvB) G rcul ar
A-16, as revised in 1990. A nmjor goal of the circular, which is titled

" Coor di nation of Surveying, Mapping,/and Rel ated Spatial Data Activities," is
to develop a national spatial data infrastructure with the involvenent of
Federal, state, and | ocal governnments, and the private sector. This
multilevel national information resource; united by standards and criteria
establ i shed by the Federal ~Geodetic Control Subcommttee (FGCS) of the Federal
CGeogr aphi c/Data Committee (FGXC), will enable the sharing and efficient
transfer <of geospatial “data between producers and users.

Survey data that are submitted to NGS for incorporation into NSRS shoul d be
properly formatted and follow the guidelines outlined in this report.

The “Blue-Book” and nost of the documents referenced herein may be obtai ned
fromNGS'web site at http://ww. ngs. noaa. gov/ FGCS/ Bl ueBook/ or

NOAA; National CGeodetic Survey, N NGS12

1315 East-West H ghway, Station 9202

Silver Spring, MD 20910-3282

Tel ephone: (301) 713-3242; Fax: (301) 713-4172

Monday through Friday, 7:00 a.m - 4:30 p.m Eastern Tine.

Dat a Subm ssion to NGS:

1. The project accession nunber is of the form GPS-xxx. (The project
accession nunber will be assigned by NGS when draft project plans are
submitted to NGS for evaluation prior to the start of the project.)

2. A project report and the data elements listed in Appendix L of "Input
Formats and Specifications of the NGS Data Base" must be transmitted to NGS.
Qual ity checks for conformance to NGS format standards shall be perforned

usi ng software progranms COVPGB and OBSDES.



3. Latitude, longitude, and ellipsoid heights, as well as X, Y, and Z
coordi nates shall be provided in both NAD 83 and | TRF coordi nate systens.
GPS-derived orthonetric heights shall be provided i n NAVD 88.

Qui del i ne Updat es:

These Quidelines will be updated as the results of future projects and other
procedures are reviewed. There may be other procedures that will also achieve
the standards. The user shoul d note which procedures in this document were
not foll owed and note how errors and systematic biases were detected, reduced,
or elimnated by the new procedure. NGS wel conmes the opportunity to exanine
alternate procedures and supporting data that denonstrate the ability to

achi eve the accuracy standards stated in this document. |f you have such data
or would like to comrent, please contact Dave Zil koski or Edward .Carl son,

t el ephone 301-713-3196, or wite:

Nati onal Geodetic Survey, N NGS2
NOAA, 1315 East-West H ghway
Silver Spring, Maryland 20910-3282
ermai | : Dave. Zi | koski @oaa. gov. or

Ed. Car| son@oaa. gov or

Curt. Sm t h@oaa. gov
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Appendi x A. -- Definitions

Accur acy

Local Accuracy - The |ocal accuracy of a control point is a value expressed in
cmthat represents the uncertainty in the coordinates of the control point
relative to the coordi nates of the other directly connected, adjacent control
points at the 95 percent confidence level. The reported |ocal accuracy is an
approxi mate average of the individual |ocal accuracy values between this
control point and other observed control points used to establish the

coordi nates of the control point.

Net wor k Accuracy - The network accuracy of a control point. is a‘val ue
expressed in cmthat represents the uncertainty in the coordinates of the
control point with respect to the geodetic datumat the 95 percent confi dence
level . For National Spatial Reference System (NSRS) network accuracy
classification, the datumis considered to be best supported by NGS. By this
definition, the local and network accuracy values at CORS sites are considered
to be infinitesimal, i.e., to approach zero.

St ati ons
Base Stations

Primary - Stations evenly distributed that surround.the | ocal network.
These stations relate the local network to NSRS to the 5-cm or better,
standard through sinul taneous observations with control stations. They can be
new y established stations and be part of the |ocal network.

Secondary - Stations evenly distributed t hroughout the |ocal network
that ensure that the | ocal “network does/not contain a significant medi um
wavel engt h(20-30 kn) ellipsoid height error through sinultaneous observations
with primmary base stations. These stations may be newly established stations
and are part of the |ocal network.. They are |ocated between Prinary Base
Stations.

Control Stations

A- or B-order three-dinensional stations that surround the project area
in at least three different quadrants. These stations relate the |ocal
network to the National Spatial Reference Systemthrough sinultaneous
observations with primary base stations. They nust be referenced to NSRS and
t'hey provide the network accuracy. They nay be newy established stations in
the survey project if A or B-order specifications and procedures are used to
establish them These procedures are not covered in this docunent, please
contact NGS for additional information.

Local Network Stations

These stations include all other stations that are not base (primary or
secondary) or control stations. They are part of the |ocal network. They
provide the | ocal accuracy standard through sinultaneous observations between
adj acent stations.



Appendi x B. -- GPS El lipsoid Height H erarchy and Basic Requirenents for 2-cm
st andar d

HARN/Control Stations

(75 k)

Primary Base
(40 km)

Secondary Base
(15 k)

Loaal Nebtwork Statione
(7 to 10 k1)

HARN/ Control Stati ons

O cs1



Primary Base Stations

0O Cs1

PB1

O Cs2

Basi ¢ Requirenents

tions cannot exceed 40 km

o Each primar i ected to at least its nearest primary
rol station.

be traceabl e back to 2 control stations along
es PBlL - CS1 and PBl1 - PB2 plus PB2 -CS2, or
5 PB3 - CS3.

>S1 and PBL -




Secondary Base Stations

@]
PB1
SB1 SB2
SB3 <---------- 15 km---=------ > SB4
PB2 PB3

Basi ¢ Requirenents

0 30 Mnute Sessions / 2 Days// Different Tines of the Day

0 Spaci ng-bet ween secondary base stations (or between primary and secondary
base stations) cannot exceed 15 km

o All base stations (primary and secondary) must be connected to at least its
two nearest primary or secondary base station neighbors.

0 Secondary base stations nmust be traceabl e back to 2 primary base stations
al ong i.ndependent paths; i.e., SBl- PBl and SB1- SB3 plus SB3 - PB2,
or SB1 - PBl and SBl1 - SB4 plus SB4 - PBS.

0 Secondary base stati‘ons need not be established in surveys of snall areal
extent .



Local Network Stations

o
PB1
LN1
SB1 LN2 LN3 SB2
LN4 LN5

LN6<--7 km -><LN7

SB3 SB4

PB2 PB3

Basi ¢ Requi renents

0 30 Mnute Sessions / 2 Days / D fferent Tines of the Day

o Spacing between | ocal network stations stations (or between base stations
and | ocal network stations) cannot exceed 10 km

o All <local network stations nmust be connected to at least its two nearest
nei ghbors.

o/ Local network statiions nust be traceable back to 2 prinmary base stations

al ong i ndependent paths; i.e., LNL - PB1 and LNl - LN2, plus LN2 - SB1, plus
SB1 - SB3 plus SB3 - PB2, or LNl - PBl and LNl -LN3, plus LN3 - SB2 plus SB2 -
SB4 plus SB4 - PB3.



APPENDI X C. — 10 Mninum Steps Required to Estimate and Evaluate a GPS-Derived
Othonetric Height Project.

These steps are docunented in the report titled “M ni mum Steps Required Wen
Estimating GPS-Derived Orthonetric Heights,” Proceedings of the AS/LIS ‘90
Fal | Convention, Anaheim California, Novenber 7-10.

The m ni mum steps required when anal yzi ng GPS-derived orthonetric heights are
listed bel ow

1. During the project’s planning stage, performa detailed analysis of the
geoid in the area of the survey in order to determne/if additional gravity
and/or leveling data are required to adequately estimate the slope of the
geoi d and changes in sl ope.

2. During the project’s planning stage, performa detailed study of the
leveling network in the area, i.e., plot all leveling |lines, note the age of
leveling, deternine if bench marks can be occupi ed by GPS receivers, etc.

3. Performa 3-D mnimumconstraint |east squares adjustnment of the GPS data
and conpare GPS-derived coordinates with resul ts.of higher-order surveys.

4. Using the best avail abl e geoid hei ghts; conpare adjusted GPS-derived
orthonetric height differences obtained fromstep 3 with |evel ing-derived
orthonetric height differences.

5. Detect and renove all data outliers determned in steps 3 and 4.
6. Analyze the local geoid in/detail.

a. Plot the nodel ed geoid heights in the area.

b. Plot the estinated sl ope of the geoid using differences between GPS-
derived el li psoi d hei ght differences and | eveling-derived orthonetric height
differences (dN = dh - dH) obtained in step 4.

7. Estimate GPS-derived orthonetric heights and | ocal systematic errors in
the geoi d heights by solving for the geoi dal slope and scal e using the nethod
describedin Vincenty (1987) and denonstrated in Z | koski and Hot hem (1989)
and Zi l.koski (1990a).

8. /Conpare adjusted GPS-derived orthometric height differences fromstep 7
with | eveling-derived /orthonetric height differences to determi ne scale and
rotati on paraneters.

9. Conpare GPS-derived orthonetric heights by performng a 3-di nensi onal
|'east squares adj ustment holding fixed all appropriate orthometric height
values of published bench marks (and approxi mate GPS-derived coordi nates
conput ed from hi gher-order surveys and sol ving for appropriate scale and
rotation paraneters.

10. Use the results fromsteps 1 through 9 to docunment the estinated accuracy
of the GPS-derived orthonetric heights.



APPENDI X D. — Brief Description of Quidelines Using Sanple Project.

Usi ng GPS, Geoi d99, and NGS Guidelines to Qohtain

Rel | abl e,

Accurate Orthonetric Heights in Support of

Phot ogramretri c and Surveyi ng Project

in Baltinore County, Maryl and

Three Basic Rul es

The project fulfilled the three basic rules by :

Fol | owi ng NGS' guidelines for establishing GPS-derived ellipsoid heights
(Standards: 2 cmand 5 cm;

using GEAQ D99, the latest National Geoid Mdel; and

using NAVD 88, the | atest National Vertical Datum

Four/ Basic Control Requirenents

BCR1: Cccupy stations with known NAVD 88 orthonetric heights (Stations should
be evenly distributed«t hroughout project)

BCR2: Proj ect areas less than 20 kmon a side, surround project with NAVD 88

bench marks,
of project

i.e., mninmmnunber of stations is four; one in each corner

BRC3:Proj ect areas greater than 20 kmon a side, keep distances between GPS-
occupi ed NAVD 88 bench marks to |l ess than 20 km

BRCA: Proj ect.s-l ocated i n nount ai nous regi ons, occupy bench narks at base and
sunmt of nountains, even if distance is less than 20 km



BCR1:

BCR2:

BCR3:

BRCA:

NAVD 88 Bench-Marks Occupied with GPS

(T EstT, HAE IRADSHTAL STATIH

O COUNT ESIETIG GAHTIL HETVGH

EER M5, PADCEESHE M ALLIHTWENT BT
BTG COUMTT ST GRAZRM

PAMECT FELD 'WCAE FROW DDANET TO NRLLET
G PTRLETT LEADEM: 'WLUAN E HEMHRG

DoT7ED
|;| peres

O e 2,

0

—~ Kilometers

ik '
UATH LIMIT OF FHASE 3]

Mo =

Stations with large bl ocks have NAVD 88 hei ghts and they are evenly
di stributed throughout the project /area.

This requirenment i's not applicable because the project is greater than

20 kmon a side. [If the project was |l ess than 20 kmon a side, then there
shoul d be at |east four stations with NAVD 88 heights, i.e., four large

bl ocks , one in each corner of the project.]

Circl ed bench nmarks are mandatory. The anal ysis nust determne that the
bench nmarks have valid NAVD 88 heights. Qher bench marks can be
substituted but the user nmust adhere to the 20 km requirenent.

[ NOTE: Valid NAVD 88 hei ght values include, but are not limted to, the
foll owi ng: bench nmarks which have not noved since their heights were |ast
determ ned; were not msidentified, and are consistent with NAVD 88.]

This requirenent is not applicable because project is not in a
nmount ai nous region. [If the project was in a nountainous region then bench
mar ks shoul d be | ocated at the base and summit of the nountainous region.]



Fi ve Basic Adjustnent Procedures

BAP1: Performa 3-D mni nrum constraint |east squares adjustnent of the GPS
survey project, i.e., constrain one |latitude, one |ongitude, and one
orthonetric height val ue.

BAP2: Using the results fromthe adjustnent in procedure 1 above, detect and
renove all data outliers. The user shoul d repeat procedures 1:and 2 until
all data outliers are renoved.

FREE ELLIPSOID HEIGHT RESIDUAL BY BASELINE

LENGTH
455 BASE LINES - 2.6% ABOVE 3 cm

7
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| 0038-0913 35 )
4 37
8 | 1933-0092 PN
7 ‘ 65 >
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0

BASE LINE LENGTH (KM)

Note: After performing the mini mumconstraint adjustment, the user should pl ot
the ellipsoid height residuals (or dU residuals) and investigate all
residuals greater than 2 cm

Note that the station pairs that have large residuals, i.e., greater than 2.5
cm.al so have | arge repeat base line differences. The NGS guidelines for
estimati ng GPS-derived ellipsoid heights require the user to reobserve
these base lines. Follow ng NGS guidelines provides enough redundancy for
the adj ustnent process to detect outliers and apply the residual on the
appropriate observation, i.e., the bad vector.



REPEAT DIFFERENCES (CM)

REPEAT BASELINE DIFFERENCE
172 BASELINES - 3% Above 3 cm
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BAP 3: Compute differences between the set of GPS-derived orthonetric heights
fromthe mni mum constrai nt adjustrment from procedure 2 above and
publ i shed NAVD 88 bench marks.

GPS-Derived Orthometric Height minus NAVD 88 Heights

— EE— 10

Kilometers

o e R
& revr Geoid 99 I

{7 EstT, Hen% IRARCHTAL STATIOH
== Units cm
] cam

[0 SI5T. HEAS YWEFTEAL STATEH

DT 760
L}
gy
oo e
Ooiag |

| 00

QUTH LIMIT OF FHASE 3]

B e - 5

Note: All -height differences are under 5 cmand nost are less than 2 cm
Alnmost all relative height differences between adjacent station pairs are
less than 2 cm However, nost of the height differences appear to be
positive relative to the sout hwest corner of the project



BAP 4: Using the results from procedure 3 above, determ ne which bench marks
have valid NAVD 88 height values. Al differences between valid bench
marks need to agree within 2 cmfor 2-cmsurveys and 5 cmfor 5-cm surveys

GPS-Derived Orthometric Height minus NAVD 88 Heights

[ — N 10

Kilometers

IGeoid 99 I' Units cm I
D q

[ e Tilted Plane Removed
RMS 1.0
Shift 1.5 cm

e-w -0.01 cm/km
n-s 0.12 cm/km

o2

T LMIT OF FHASE 3]

B

Note: To detect and renbve any systematic trend, a tilted plane is best fit to
the height differences (Vincenty 1987, Zilkoski and Hothem 1989). After a
trend has been renoved, all the differences are less than +/- 2 cm except
for one and alnost all relative differences between adjacent station are
less than 2 cm



BAP 5: Using the results from procedure 4 above, performa constrained
adj ustment fixing one |atitude and one | ongitude value and all valid NAVD
88 hei ght val ues.

GPS-Derived Orthometric Height minus NAVD 88 Heights

. e 10
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Baltimore County GPS Project
GPS-Derived Orthometric Heights minus NAVD 88 Vaues
(All Unique Height Difference Combinations - Sample Size = 300)

Not e: After rejecting.the 50
| argest hei ght difference (- i
2.4 cm, of all the closely -
spaced station pairs, i.e., 40—
less than 10 km only three g [
are greater than/2 cm one § -
is greater than/2.5 cm and §30_
none are greater than 3 cm % i
. . Bl
There are 25 stations with s [
both GPS hei ghts and NAVD8S z |
hei ghts. This makes 300 -
uni que conparisons. O 10 B
t hese conparisons, 59 are L
greater than 2.0 cmbut only Nnn L '

34 are greater than 2.1 cm 3.0 2.0 1.0 0.0 1.0 20 3.0
and none are greater than
2.5 cm Interval (cm)



Number of Occurences

Baltimore County GPS Project
GPS-Derived Orthometric Heights minus NAVD 88 Values
(All Unique Height Difference Combinations - Sample Size = 300)

70

30



ATTACHMENT C
World Wide Web Sites

NGS Height M odernization Web Site can be accessed at:
http:/AMmww.ngs.noaa.gov/initiatives.shiml#He ghtMod

NGS Home Page can be accessed at:  http://www.ngs.noaa.gov
There NGS presents awealth of information on its data products, software programs,
and user services, aswell aslinks to other helpful sites on the Web.

CORS and I1GS Ephemeris Data can be accessed at:  hitp://www.ngs.noaa.gov/CORY
Information on the Nationd CORS system and access to CORS and Precise Ephemeris data
downloads are available on the NGS web ste. Usethe “User Friendly CORS’ utility to
download customized RINEX data sets and |GS ephemeris. The latest coordinate files and
other metadatafor each CORS steisdso avallable. The “DaaAvailability” feature can be
used to determine if a CORS ste is missing datafor a particular time period.

USCG Navigation Center GPS Web Site can be accessed at:  hittp://mww.naveen.uscg.gov/
This gte provides information on the status of the GPS congtd lation and provides NANU
message postings and notices for outages at WAAS and DGPS sites.

GPS ANTENNA CALIBRATION Site: http://www.ngs.noaa.gov/ANTCAL/
Provides information on which antennas have been cdibrated.

PAGE-NT - PAGE-NT is amenu-driven suite of programs used to process GPS data and
is suitable for projects requiring the highest accuracy. A User’s Manud, the software, and
sample data set can be downloaded from the NGS anonymous ftp server:

ftp ftp.ngs.noaa.gov
login: anonymous
passwd: your complete email address

Once logged on, go to the /pub/pnt6 directory and download al the files usng binary
transfer mode. The inputl and resultsl directory contain the sample data sets.
Follow the setup ingtructionsin the PAGE-NT User’s Manud.

ADJUST - The ADJUST and ADJUST UTILITIES software package can be downloaded from
the NGS home page (http://www.ngs.noaa.gov) by ng the “PC Software” link. Check

the web page for the latest version of each program. The software performs aleast squares
adjustment on horizonta, vertical angle, and/or GPS observations. The program comprises six
data checking programsin addition to the adjustment software. This software package has
numerous options, such as choice of dlipsoid, and includes sample input deta. Also available

is the source code.



ADJUST UTILITIES - Suite of programsthat are used in conjunction with PC program ADJUST. This
group of programsincludes:
BBACCUR provides aformaited listing of the externa and internal accuracies which have been
computed by program ADJUST-- sorted in numerica ascending order of externa accuracy.
Output from program ADJUST, run with accuracies, is used asinput.

CLUSTER is used to identify geodetic stations which are common to two data sets with respect to
name or a given position tolerance.

EL EVUP creates a bfile which combines the bfile output from the consgtrained horizontd
adjustment with the bfile output from the congtrained vertical adjustment. This new bfile contains
*80* records with adjusted positions from the horizonta and *86* records with the élipsoida
heights from the horizontal adjustment and the orthometric heights and geoid heights from the
vertical adjusment.

ELLACC computes elipsoida height order and class for aproject. Output from program
ADJUST, run with accuracies, is used as inpt.

MAKES86 adds *86* records to the bfile. If the existing *80* records contain orthometric heights,
these are added to the new *86* records.

MODGEE scdesthe standard errors assigned to the observations in the dfile. Input is a dfile and
the scaling factor.

QQRECORD adds qq records to the Afile (used by program ADJUST) to compute accuracies
for al observed lines. Either the dfile (for GPS projects) or the bfile (for classical terrestria
projects) can be used asinput.

Data Sheet Utilities -
DSDATA isthe Digitd Data Sheet extraction program. Extracts individua or groups of data from
aDSDATA file. Includes options to extract by Station Identifier, Station Name, Area, and more.

Other Software Programs - Below is a sdlect ligting of other software that is currently accessible through
the Web. For the full and most recent list of NGS programs, visit the NGS PC Software web
page. On-line interactive versons of some of these programs are available in the NGS PC
Software Website at: http://www.ngs.noaa.gov/PC_PROD/pc_prod.shtml

COMPGB tedts the congstency and compatibility of the Blue Book B file (GPS project and
station occupation data) and G file (GPS vector datatransfer file).

CR8BB reformats GPS project information to fit the requirements of the National Geodetic
Survey data base. The file created, which is cdled the B-file, contains project information, station
information, and survey measurements. The CR8BB software functions independently of the type
of GPS recelvers used in a project.



CR8SER extracts data from a GPS Blue Book G fileto create a station serid number file (serfil)
for GPS observations.

WDDPROC organizes control point descriptions in accordance with the National Geodetic
Survey's description file (D-FILE) format.

DSWIN is Windows-based software for data sheet viewing and extraction. It displays alist of
county names as found on your CD-ROM. Click on a county and alist of stations appears. Click
on astation from the list and a data sheet appears. Y ou may save the data sheet to afile or print it.
The search feature alows for filtering the station list by: Point Radius, Min/Max Box, Station
Name, or PID. You can dso filter by type of control, such asfirst-order bench marks only.

GEQID99 Computes geoid height values for the conterminous United States, Alaska, Puerto
Rico, Virgin Idands, and Hawaii. Suitable for converson of NAD 83 GPS dlipsoida heightsinto
NAVD 88 orthometric heights.

HTDP isahorizonta time-dependent positioning software program which alows users to predict
horizontal displacements and/or velocities a locations throughout the United States. This software
a so enables users to update geodetic coordinates and/or observations from one date to another.

INVERSE3D isthe three dimensiond version of program INVERSE, and is the tool for
computing not just the geodetic azimuth and dlipsoidd distance, but aso the mark-to-mark
distance, the dlipsoid height difference, the dx, dy, dz (differentid X, Y, Z used to express GPS
vectors), and the dn, de, du (differentia north, east, up using the FROM gation as the origin of the
neu coordinate system). The program requires geodetic coordinates as input, expressed as ether:
1) latitude and longitude in degrees, minutes, and seconds or decima degrees dong with the
elipsoid heights for both stations, or 2) rectangular coordinates (X, Y, Z in the Conventiond
Terrestrid Reference System) for each station. The program works exclusively on the GRS30
ellipsoid and the units are meters. Both types of coordinates may be used in the same compuitation.
The program reads input geodetic positions as positive north and positive west.

L OOP determines the loop misclosures of GPS base lines using the delta x, ddtay, delta z vector
components computed from a group of observing sessions.



ATTACHMENT D
HEIGHT MODERIZATION STATION SELECTION GUIDELINES

Generdly, station selection shdl be based on the following criteria. Specific requirements are project
dependent and the following criteriawill be supplemented by those project-specific requirements.

Unless specified otherwise, the overal Height Mod project shall consist of stations spaced on average
goproximately 5 km gpart. The actud station pacing shdl be flexible enough to dlow for optimum
station salection but may not exceed the spacing limits specified in NOS-NGS-58.

Horizontd control stations shdl be distributed in accordance with NOS-NGS-58. Vertica control
gaions shdl be digtributed in accordance with the "Guiddines for Establishing GPS-Derived Orthometric
Heghts" Exigting survey monuments that don't quaify as horizonta or vertical control may be used for
local network stationsinstead of setting new marks. Infact, it is preferred that existing marks be used,
asit saves the time and expense of setting new monuments, as long as the existing monument mest the
criterialisted below.

The following are alist of consderations for every monument (new or old, control station or loca
network station) in the project. The intent isto ensure that stations will be stable and usable years after
the survey is completed. Each of the considerations are important, and so, they are not prioritized.

* Adeguate GPS satellite vighility (unrestricted at 15 degrees above the horizon). Minor obstructions
may be acceptable, but must be depicted on the Visbility Obstruction Diagram.

* Accessable by vehicle (two-whed drive preferred).

* Stability, bedrock being most preferred. See below.

* Permanency.

* Ease of recovery.

* Minima multi-path.

* Appropriate geographic location and spacing.

* Location dlows efficient use by surveying community.

* Accessable by public. Public property should be utilized where feasible.
* No known potentid conflict with future development.

* Aerid-photo identifiable.



Stability quaity codes A, B, C, and D are defined in the Blue Book, Volume 1, Annex |, with examples
given below. Only codes A and B are recommended, however concrete posts may be selected with
code C gahility if the mark is deemed stable from review of soil conditions and average frost depth.

Quality code A = expected to hold an devation. Examples: rock outcrops; rock ledges; bedrock;
massive gructures with deep foundations; large structures with foundations on bedrock; or deeved deep
settings (10 feet or more) with galvanized sted pipe, galvanized sted, stainless stedl, or duminum rods.

Qudity code B = probably hold an devation. Examples: undeeved deep settings, massive retaining
walls, abutments and piers of large bridges or tunndls, unspecified rods or pipein adeeve lessthan 10
feet; or deeved copper-clad stedl rods.

Quadlity code C = may hold an devation but subject to ground movement. Examples: Meta rods with
base plates less than 10 feet deep; concrete posts (3 feet or more deep); large boulders, retaining walls
for culverts or small bridges, footings or foundation walls of smdl to medium-size Structures; or
foundations such as landings, platforms, or steps.



Attachment E — Concrete Marks

(From NGS OPERATIONS HANDBOOK and
MANUAL OF GEODETIC TRIANGULATION, S.P. 247)

CONCRETE CHARACTERISTICS

1. General. Concrete should have properties that make it workable, strong and durable.
Workahility refers to the ease with which concrete can be effectively placed, consolidated, and
finished, while remaining free from segregation. Workability depends on the proportions of the
ingredients and the shape of the individual particles of aggregate. Strength refers to the ability to
withstand externa forces without rupturing. For survey monuments, high strength is not the most
important property, athough strong concrete usudly indicates that it is durable. Durability isthe
ability to withstand deterioration over along time and is primarily influenced by the
watertightness of the cured concrete.

2. Destructive For ces. Severd forces can lead to the weakening or deterioration of concrete.
The freezing of water in cured cement exerts great pressure againg the inner walls of the pores,
tending to bresk down the concrete. In fresh concrete, the expansion of freezing water bresks the
bonds devel oping between solid particles, making the concrete weak and porous. Leaching and
chemicd attack also have detrimental effects on concrete. Leaching occurs over along period
when water dowly percolates through concrete and dissolves some of its condtituents. Chemical
attack is particularly common in alkali soils. Dense, impervious concrete is resistant to these
destructive forces.

3. Ingredients. The quality of the ingredients and their proportions help determine how dense
and impervious the cured concrete will be. The ingredients include aggregete, cement, and weter.
The aggregate should be clean (free from st and clay, harmful chemicas, and organic matter)
and well-graded, i.e, it contains proportionate amounts of many particle szes. In specifying mix
proportions the aggregate is usualy divided into two parts -- sand (particle Size less then 2/3 cm)
and gravel (particle Sze greater than 2/3 cm). Both parts should be well-graded. Aggregates that
are porous, split easily, or are otherwise weak or permesble result in poor concrete. Examples of
poor aggregates include shale, claystone, sandstone, and micaceous rocks.

Portland cement is designated by one of five types. Type isfor generd use where no specid
properties are needed. Type Il is a high-early-strength type for use when concrete will be curing
during cold westher. Type V is used where the concrete will be subject to an dkali environment.
Types |l and IV are not suited for setting marks. Loca concrete companies should be contacted
to determine the best concrete type to use in the work area.

The water used in a concrete mix should be relatively free of impurities such as acids,
dkdies, Ats, ail, organic matter, and silt. These can decrease the strength and durability of
cured concrete. Asarule, do not use water that you would not drink.



4. Mixing, Placing, and Curing. Pre-mixed concrete materials may be used. If raw materials are used,
the suitable proportions (by bulk volume) of cement to sand to gravel are 1:.2:3. If the gravel is made up
of fragmented or angular particles, use alittle less gravel and proportionately more sand. Add only
enough water to make the mix workable. About half the water added to the mix is used in the chemica
reaction (hydration) that causes the past to harden into binder. If too little water is used, however, the
mix will not compact properly and spaces will be left in the mass. A good indication of theright
amount of water isthat the mix neither runsnor falls off the shovel but suggishly dides off and
flattens upon hitting the ground.

5. Cold Weather Precautions. The freezing of fresh concrete has a damaging effect because the
expangon of water asit freezes separates the solid particles in the mix. This reduces the strength
of the bond and makes the concrete more porous and correspondingly less durable.

Three protective measures should be taken in cold wesather, either Singly or in combination. First,
use warm ingredients. During the first 24 hours after amix has been placed, it develops little hest
of its own to prevent freezing. After 24 hours some hest is developed as a product of the
chemica reactions occurring in the mix. The use of warm ingredients is especidly beneficid
during the first 24 hours. Note, however, that mixing water above 165 degrees F could cause a
flash set. To keep the aggregate and cement warm, store them indoors.

Second, use Type [11 (high-early-strength) cement or specia additives that speed curing. Cacium
chloride is good for thisin amounts not exceeding 2 pounds per 94-pound sack of cement. The
cacium chloride should be dissolved in the mixing water ingtead of mixing it with the other
ingredients. Other additives include Thoroguard and Trimix. If alarge number of concrete marks
are being ingtaled by mass production using a "ready-mix" contractor, fast-curing additives
should not be added until the concreteis delivered on Site.

Third, insulate the finished mark for aweek after the concrete is poured. One method is to cover
the mark with boards resting on supports. Thisis covered with paper or plastic, then by alayer of
graw, styrofoam, or smilar insulating materids above 15 centimeters thick and findly by alayer
of soil 15 to 30 centimeters thick. Pile snow loosaly on top if it isavailable.

CONCRETE MONUMENTS (Note, portions of this paragraph apply to concrete collars
around rod marks as well as to concrete monuments.)

STEPS:
1. Obtain property owner permisson prior to proposing new mark locations.

2. Ingall atall stake (lath) at each proposed site for a new mark. Write the proposed station
name on the stake.

3. Obtain clearancefrom “MISSUTILITY” types services (underground utilities) before
digging.



4. Drill or diga 12 - 14 inch diameter hole in the ground 3.5to 8+ feet deep. The depth depends
on frost penetration in that area. The minimum depth is 3.5 feet. Keep the sides of the hole as smooth
aspossible. The rounded, bottom portion of the monument must extend at least one foot below the frost
line. See NOAA Manua NOS NGS1, Geodetic Bench Marks which contains a diagram showing
average frost line depth.

5. Enlargethe bottom portion of the holeusing a shove such as a*sharp-shooter” (also caled
“drain spade’) so that the holeis at least 2 inches larger in radius than the main shaft of the hole. This
will make the bottom of the monument bell-shaped; see diagram.

6. Remove or tamp down the loose dirt at the bottom of the hole.

7. Remove any loose dirt that might fall into the hole during concrete ingtallation. A layer of
loose dirt from the sides or top of the hole, mixed with the concrete will creste afracture line (or plane)
which could lead to the monument bresking, thus destroying the mark.

8. Procurearound, cardboard form 12 inchesin diameter to linethetop 12 - 18 inches of the
hole. Ted fit theform inthetop of the hole. Thisform will hep avoid any shoulders or mushrooming
effect near the top of the monument which might afford purchase for frost heave. The form will dso help
make a neater looking monument. A cardboard, biodegradable, 12-inch diameter form is commercialy
avalable. Allow the form to protrude from the ground 2 - 6 inches.

9. Mix the concrete well beforeit is placed, otherwise the minute particles of cement

will not be sufficiently wet and the aggregate will not be completely covered with paste. Prior to adding
water, mix the ingredients well. Then, dowly add water and continue to mix. Do not make the mixture
too wet.

10. Dampen the hole befor e concreteis added so moisture will not be drawn from the fresh concrete
into the surrounding soil. In no case should it be so wet as to be muddy

11. Place concretein the hole. Continuoudly tamp the mix into a compact mass so it becomes
less pervious and consequently more durable. Do not contaminate the interior of the monument
with dirt.

12. Place the form into the hole when the level of the concreteis approximately one foot below
the surface. Continueto be careful not to allow any dirt to fall into the hole.

13. Add concrete until thetop iseven with or dightly below the surface of the ground. This
hel ps ensure that the monument is not struck by lawn mowers or snow plows, €tc.

14. Smooth off the top of the monument with atrowel. Create a gentle dopetowardsthe
outsde so that rain water will drain off. Bevel the outside edge of the monument.

15. Stamp the disk prior to ingalling it in a concrete monument or a drill hole. Stamp the disk on
astamping block which has a curved surface that matches the curvature of the underside of the disk.
Negtly samp the station designation (name) above the triangle, centered below “HORIZONTAL
CONTROL MARK,” and then stamp the year below the triangle, centered above “THE DIRECTOR.”



16. Set the disk into position in the top center of the monument with the top of the triangle below
the name pointing north (so that a vigitor facing north will be able to read the disk's lettering). Placing a

small amount of concrete on the underside of the disk before setting helps ensure that air is not trapped
under the disk.

17. Pressthedisk into the concrete until the disk edge touches the concrete. Then tap the disk with
the handle end of the trowd until the top edge of the disk isflush with or dightly recessed into
the concr ete (to the point that vandals can not get a pry bar under the disk). Do not recessthe disk a
greater amount because this makes a hollow that will collect rainwater and possibly shorten the life of the
mark due to freezing action.

18. Clean the disk. Sprinkle some dry cement on the exposed surface of the disk, then rub it with a
clean rag or short brigtled brush using circular strokes. Thiswill clean the disk, removing al excess
mortar from its surface and recessed |etters. Rubbing the wet mortar around the edge of the disk in the
same manner is done intentiondly to finish its surface and help prevent cracking. Brush away loose
cement and make sure that the finished product has a neat gppearance.

19. Cover themark for at least 7 days. This prevents rain from making the mix too wet and from
ruining the finished surface. It dso prevents the surface from drying too rapidly, leaving too little water
for complete hydration. In addition, it prevents debris from sticking to the surface of the wet concrete.
A 12 inch diameter lid is available that fits on the 12 inch cylindrica form. Thislid will aso keep out the
dirt during the next step and fina clean-up.

20. Replacedirt round the form and tamp into place. At the surface, replace dirt and sod around
the form and tamp into place.

21. Rakethe area until neat and remove excess materials. Do not leave any construction or other
materias at the Ste. Leave the area as neat or nester than when you arrived. Note, the protruding form
and lid shdl be removed later during survey observations.

22. Remove excess dirt and dispose of it properly. Insomerura areasthere may be alogica spot
to dump the extra soil where no one will natice. If the mark isin an area.congsting of groomed lawns,
the dirt shal be removed from the site,

23. Remove excess concr ete from the site. Proper planning should minimize excess concrete. Any
excess shall not be dumped on-site.

24. Installation of NGS Witness Postsis at the option of the firm. Generdly do not use Witness
Podsin areas of high population dengity nor on airports. They are very useful to future surveyorsin
more remote arees.

25. Do not add magnetic materialsto the monument.
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Attachment F
Setting a Surve Disk in Bedrock or a Structure

From NOAA Manual NOS, NGS 1, Geodetic Bench Marks

Sound bedrock is the most desirable setting for geodetic survey control points. Besides the ease
and cogt effectiveness with which a disk can be ingtaled in bedrock, it provides the most stable
etting that can be used in terms of both underground activity and disturbances inflicted by
people. Always use bedrock when a suitable outcrop exits. Asarule of thumb, the bedrock is
consdered potentidly good if the distance between joints and fissuresis greater than 1 meter.
The National Geodetic Survey geodetic control disks are made of brass or bronze. They are
about 9 centimetersin diameter and have a spherical surface to support the foot of aleveling rod
and a center point for plumbing survey equipment. Information isimprinted on this surface to
identify the monument and to aid the user in obtaining dataon it. Thislogo is recessed so thet it
does not interfere with the leveling rod or other survey equipment. A deformed shank, about 7.5
centimeterslong, is slver-soldered or otherwise attached to the bottom surface of the disk to help
prevent the disk from being didodged.

The step-by-step procedure for setting the disk in bedrock utilizing cement is as follows:

1. Stamp the gtation designation and setting year on the top surface of the disk using 4.75
millimeter (3/16- inch) dpha-numeric sted dies

2. Pick afairly level and accessible spot on the outcrop that is intact with the bulk of the rock. A
smple test can be performed to help determine the condition and integrity of the rock by placing
ones hand in the area that the disk will be s, then driking the outcrop with amoderately heavy
hammer and fedling for vibration. Sound outcrop will force the hammer to rebound with each
impact and vibration through the rock should be minimd at best.

3. Drill a2.5 centimeter diameter hole about 10 centimeters into the bedrock and recess the area
around the top of the hole to adiameter dightly larger than that of the disk. When the ingtdlation
is completed, the top of the surface of the disk should st level and dightly below the surface of
the surrounding rock. Chisd a drain channel through the low edge of the drilled recessto dlow
water to drain from around the finished mark. Caution: Safety goggles should be worn when
drilling into bedrock or masonry.

4. Remove the rock powder from the hole and recessed ares, flush and fill the hole with clean
water, then pour cement into it. Mixing of the ingredients is done right in the hole. By adding
more water and cement, make enough mortar so that an extraamount is available to place on the
underside of the disk. When the mortar is completely mixed, it should be thick but still workable,
like heavy mashed potatoes.

5. Clean the disk by wetting then rubbing al surfaces with cement to remove unwanted oils;
rinse. Fill the depresson on the underside of the disk with mortar usng atrowd. Hold the disk
loosdly upside-down by the end of the shank then gently tap the domed surface of the disk from



below with the handle of the trowel severd timesto alow the mortar to settle and trgpped air to
escape. Thisisvery important because it will prevent the existence of highly undesirable voids
under the disk onceit isin place.

6. Place the shank of the disk into the drilled hole and press the mark firmly into place. A dight
rotation of the disk back-and-forth and gentle tapping with the end of the trowe handle helps
eitle the disk completdly and evenly into the drilled recess in the bedrock. The disk is consdered
set when the dight back-and-forth movement stops and the disk sets firmly in place. Work excess
mortar around the outer edge of the disk, making sure that it is smooth and dightly overlapping
the top outside edges of the disk for security. An exposed edge of the disk would provide an area
which could be used by someone or the elements to didodge it. Fresh mortar on the upper
surface of the disk can be easily cleaned off and out of any stamping.

7. Sprinkle some dry cement on the exposed surface of the disk, then rub it with a clean rag or
short bristled brush using circular strokes. Thiswill clean the disk very nicely, removing dl
excess mortar from its surface and recessed | etters. Rubbing the wet mortar around the edge of
the disk in the same manner is done intentionaly to finish its surface and help prevent cracking.
Brush away loose cement and make sure that the finished product has a neat appearance.

8. While the mortar is fill wet, it must be covered to prevent heavy rains or other foreign debris
from ruining its surface and to conced the disk from people who might tamper with it. A piece of
wood, cardboard, heavy paper, or smilar biodegradable item will suffice.

9. Theingalation is complete when al accumulated trash has been picked up. Leave the Site
clean and in good order.

Highway grade epoxy may be used in place of cement if it meets ultraviolet standards and will
hold up to al weather conditions. The setting procedures are smilar to those described
previoudy except that the drilled hole, though needing to be extremely clean, cannot be wet.
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Attachment G
Setting a NGS 3-D Monument

Based on “Revised NGS 3-Dimensiona (3-D) Rod Mark” [Draft Version] by:
CurtisL. Smith

Nationa Geodetic Survey

July, 1996

Disdlamer:

This document is intended only for the purpose of providing the user with guiddines for

planning and implementation of this Syle of survey monument. The didiribution of this document
or the mention of acommercia company or product contained herein does not congtitute, in any
way, an endorsement by the National Geodetic Survey (NGS).

[ ntroduction:

The extensive use and accuracies achieved by the Globa Positioning System (GPS) for
geodetic surveying applications have highlighted the need for increased stability in survey control
point monumentation. Repeatability of accurate positions obtained through the GPS require that
geodetic monuments reflect this accuracy with properties of permanence and stability both
horizontaly and verticaly.

Factors affecting the stability of survey monuments include frost heave action, changesin
ground water levels and loca settlement. Consult soil and geotechnical specidists about loca
ground conditions. Manuas, such as NOAA Manua NOS NGS 1, Geodetic Bench Marks,
document soil types and frost penetration zones nationwide.

The recommended survey marker that produces stability for most conditionsisthe
three-dimensond (3-D) drivable survey monument. The principa component of this monument
isa9/16-inch stainless sted rod driven into the ground, utilizing a gasoline powered reciprocating
hammer, until refusa or areduced driving rate has been achieved. The rounded top of therod is
the survey datum point. The upper 3 feet of the rod is encased in a 1-inch greased filled plastic
extruded fin deeve that is held horizontaly stable by back-filled, washed sand. Effects of up and
down ground movement during freeze/thaw or wet/dry conditions are removed from the anchored
rod by the grease filled deeve promoting vertica stability. A 5 or 6-inch PV C pipe with atached
standard auminum logo cap protects and identifies the top of the monument. (See documentation
in this manua for specific mark setting procedures).

References.

NOAA Manua NOS NGS 1. Geodetic Bench Marks, by Floyd, Richard P., September
1978.

Geometric Geodetic Accuracy Standards and Specifications for Using GPS Rdlative
Postioning Techniques, by Federa Geodetic Control Committee, August 1989.



A. Recommended Equipment for Setting Monuments:

Rod Drivers and Accessories.

1- Any driver with aminimum impact force of 25 foot pounds per blow, such as Wacker
Modd BHB 25 (with tool kit) or Fionjar Modd 120 (with tool kit), for driving

dainless sted rods.

1- Rod Driving Insert, holds machine on rod and acts as impact point while driving rods.
1- Shovd Bit, for machine to help start and dig holes, not required but may be hdpful.

1- Fint, Required Oil Type and Cdibrated Container, for determining gas/oil mix.

1- Gas Containers and Gasoline, for driving machine and generator.

Digaing the Hole:

1- Post Hole Digger, capable of digging a hole 4-feet deep.

1- Gas Powered post Hole Digger with Augurs, not required but increases productivity.
1- Digging Bar, for rocks and hard to dig holes.

Driving the Rod:

1- 2 Ib. Hammer, to Start rods, stamp designations, etc.

2- 8" Qudity Pipe Wrenches (i.e. Rigid), for attaching lengths of stainless stedl rods.
1- Bottle, Loctite, for cementing threads into the ssrods.

Finishing the Rod:

1- Hack Saw with extra Quality Blades, for cutting stainless sted rod.

1- 4" or 5" Grinder (electric or battery powered), for finishing top of rod.
1- Gas Powered Electric Generator, to power grinder and or drill.

2- Sanding Disks (medium grade), for grinder.

1- Stedl File(s), for fine finishing top of rod.

1- Centering Sleeve, to help center punch mark on top of rod.

1- Center Punch, to punch plumbing point on top center of rod.
Assorted Sand Paper or Sanding Pad, for fine finish to top of rod.

Finishing the Monument:

1- V/4-inch Stamping Set, for |ettering and numbering station designation/date.
1- Hand Saw, for cutting 5 or 6-inch PV C pipe.

1-Bucket or Whed Barrd, to mix cement/move unwanted dirt.

2- 5-Gdlon Water containers and Water, to mix cement and clean equipment.
1- Hoe, to mix cement, can be replaced by ASharp Shooter Shovel.(

1- Heavy Rubber Mallet, to help lower logo cap/5-inch PV C into cement.

1- Cement Finishing Trowel, to smooth top of concrete for neat appearance.
1- Stiff Vegetable Type Brush, to clean logo cap and hinges.




Assorted Accessories:

1- Tool Box with regular assortment of tools, for incidenta repairs. dotted and Phillips
Head Screw-Drivers, Pliers, needle Nose Pliers, Wire Cutters, Assorted Wrenches,
Sockets, Allen Wrenches, Wire Brush.

1- Round Nose Shovel, to help dig hole and move unwanted dirt.

1- Tile Spade (ASharp Shooter Shove B @), to help dig hole and mix cement.

1- Rall Black Tar Paper (Felt Paper), for making a round form for top of monument.
1- 30 Meter Tape Measure, for distances in station description.

Leather or Cotton Gloves, Assorted Rags or Paper Towels.

B. Materials Required for Each Mark:
Lengths of 9/16-inch Stainless Sted Rods, 4-foot sections.

1- 4 to 5-inch piece of Stainless Sted Rod, used as impact point and protection while
driving rods.

Adequate supply of 3/8-inch Threaded Stainless Sted Studs.

1- Sted Spiral (fluted) Rod Entry Point, standard order.

1- Aluminum logo Cap, standard order.

1- Schedule 40 PVC Pipe, 5 or 6-inch diameter, 24-inch length.

1- Pladtic Extruded Fin deeve, 1-inch diameter, 3-feet minimum length.

2- Plagtic end Cap Alignment Bushings, center drilled to 9/16-inch (for extruded fin
deeve).

1- Pint, PV C cement, can be replaced with adequate Epoxy type.

1- Pint, PV C Cleaning Solvent, when using PV C cement.

1- 17 ounce tube, Non-Toxic, Food Grade Grease, with Applicator (i.e. grease gun).
Ready Mix Concrete (Amount depends on width and depth of hole).

2- Pounds, Portland Cement, added to enhance integrity of ready mix concrete if
necessary.

0.5- Cubic feet, Washed Sand, fills bottom of hole and inside of PV C pipe around grease
deeve.

C. Setting Procedures:

1. Ensure the monument site salection has been discussed with airport management and/or
property owners, and the location meets al station Siting requirements. Inquire about
future congtruction which may affect mark longevity.

2. Contact “MISSUTILITY” type sarvices to inquire about underground utilities before
digging or driving rod.

3. Thetimerequired to set an average mark using the following procedures and referencing
the diagram on the following pageis 2 to 3 hours. Severa steps, such as steps 4, 5, and 7,
can and should be accomplished at a maintenance shop.

4. Stamp station designation and year of establishment into the blank area on the collar of the
logo cap.



5. Cut a20-inch section of 5 or 6-inch PV C pipe. Ensure the end that will receive the logo
cgp iscut true and is clean. Using primer and solvent cement formulated specificdly for
PVC, glue the stamped auminum logo cap to the end of the 20-inch PV C section. If this
gep is performed on site, dlow time for the glue to set by digging the hole and driving the
rod after preparing the PV C and logo cap.

6. Using a power auger or post hole digger, drill or dig around hole in the ground 12 to 14-
inchesin diameter, and 22 inches deep. Extend the center of the bottom of the hole by
drilling or digging a3 to 6-inch diameter hole an additiondl 21 inchesfor atota depth of

43 inches. This extended areawill be back-filled with washed sand around grease deeve.

7. Glue both plagtic end cap dignment bushings on a 3-foot section of the plagtic extruded
fin deeve. Let glued ends dry completely. Pump food grade grease into capped deeve
until 3/4 full dlowing for displacement by rod and completing the grease filled deeve.

8. Using astandard 3/8-inch threaded stud coated with loctite (Use Loctite on dl permanent
connections), attach two 4-foot sections of stainless stedl rods together. At one end of the
length of rod, attach a standard spird (fluted) rod entry point with a 3/8-inch threaded

stud. On the opposite end, attach a short 4 to 5-inch piece of rod with a 3/8-inch threaded
stud. Tighten al connections using two pipe wrenches a good 1/4 to 3/4 turn past the

point of contact of dl rod ends except the impact point which will be continualy removed.
Thistightening requires acertain “fed” and ensures that the rod ends are seated together
with greatest possible tenson yet not to the point of bresking a stud. Rods tightened in

this fashion should not vibrate |loose when they are driven into the ground.

9. The 8-foot long connected rod is centered into the bottom of the hole and driven with a 2-
pound hammer until rod is secure and as plumb as possible. A 2x4 with a1/2" hole can be
centered and braced over the hole to help guide the rod straight into the ground. Drive

the section of rod to about the top of the hole with a gas powered reciprocating driver

such as Whacker model BHB 25, Pionjar modd 120, or another machine with an
equivaent driving force.

10. Remove the short piece of rod (impact point) leaving the threaded stud in section of rod in
the ground. Attach another 4-foot section of rod and, using a new threaded stud, thread

on theimpact point. This*“cycling” of anew stud from impact point into top of rodsin

ground insures unweakened studs at adl connections. Remember to coat threads on the
permanent connections with loctite. Tighten securely utilizing pipe wrenches as described
above in gep 9. Always tighten rods maintaining a clockwise pressure to avoid loosening

rods dreedy in the ground. Drive the new length of rod into the ground with the

reciprocating driver.



11. Repesat step 10 until the rod refuses to drive further (anchored), or until a driving rate of
60 seconds per foot is achieved. In the event that the rod will not sufficiently dow down
to meet desired driving rate, terminate upon reaching 90 feet (22.5 rods). Thiswill leave
about 2 feet of rod out of the hole. If possible, let the rod set overnight, then drive the
remaining 2 feet of rod to determine whether driving rate has reduced. If rod fedls secure
in ground, use this depth even though minimum driving rate of 60 seconds per foot has not
been met. If therod turnsfredly in clockwise direction, contact NGS for adecison to
drive additiond rods. Sometimes, dl that is necessary to achieve awell anchored rod is
driving it afew more feet. In other instances and additiona hundred feet may be required.
Indicate in the written station description the depth of rod, and whether it was driven to
refusal or met the dow driving rate. Also include a description of any unusua mark

Setting circumstances.

12. When refusal or prescribed driving rate is reached, cut off the rod with a hacksaw or
comparable tool, aways removing at least the tapped and threaded portion, leaving the
top of rod about 3 inches below ground surface. Shape the top of the rod to a smooth,
hemispherica surface using a portable grinding machine using a grinding attachment or
sanding whedls, files, and sand paper to produce a nicely finished, rounded surface.
Ragged edges or grinding marks are not acceptable on top of the finished rod.

13. The datum point must then be created by center punching a dimple on top of the rod to
provide a plumbing (centering) point. Place the centering deeve over the top of the
rounded rod to facilitate locating the exact center of the rod. Punch a subgtantial dimple,
1/16-inch deep, into the top of the rod using a punch and hammer or pring loaded center
punch. Severd blows may be needed to create a sufficient dimple. Remember, thisisthe
actual survey point, so don't hesitate to spend afew extra minutes to produce a
professond, finished product.

14. Insert the grease filled deeve, produced in step 7, over the rod with the unfilled portion at
the top. Upper end of deeve will fill asrod displaces grease from the bottom. The datum
point on top of rod should protrude through top of the deeve about 3-inches with deeve
extending to the bottom of the hole. Clean the residua grease off the exposed top of the

rod.

15. Back-fill and pack with washed sand the bottom 23 or more inches of the hole around the
outside of grease deeve. Thisfills the bottom of the hole and helps stabilize the deeve.

16. Place the 5 or 6-inch PV C pipe and logo cap over and around the grease deeve and rod in
the center of the hole. The bottom of the PV C pipe should extend into the top of the sand

in the bottom of the hole. Leave the top of the logo cap and PV C pipe dightly higher than

the top of the ground surface until the concrete is in place. Back-fill the center of the

PV C pipe with washed sand around and to within 1-inch from the top of the greasefilled
deeve. Therod should be centered in the PV C pipe.



17. Mix concrete in a bucket or whed barrd to pasty, well moistened consstency like mashed
potatoes. Add Portland cement, if necessary, in sufficient quantity (1 to 2 pounds) to
enhance concrete mix or dry an over moistened mixture to maintain adequate consistency.
A good indication of adequate condstency is that the mix neither runs nor falls off the
shovel but duggishly dides off and flattens upon hitting the ground. Pour concrete into

the hole around logo cap and PV C pipe casing filling to dightly below the ground surface.
To avoid frost heaving of the PV C collar, around form should be used to ensure the
outside walls of the concrete are vertical, and do not produce a[mushroom] shaped
wedge at the top of the mark. Open the logo cap and grasp the PV C pipe then shake to
ettle concrete around the pipeto fill voids. Add concrete to within 1/2-inch of the
ground surface.

18. Trowe smooth the top of concrete to afairly finished surface. Tap aternate edges of the
logo cap, using arubber mallet or hammer and wooden block, lowering it and attached
PV C pipeinto surface of concrete. Finish the top of the concrete by troweing a smooth,
finished surface, round in gppearance, and doped dightly outward to aid drainage of rain
water.

19. Add sand to the insde of the PV C pipeto bring itsleve to within 1-inch of the top of the
grease deeve. Clean any overlgpping concrete from the surface of the logo cap using the
vegetable brush. The finished height of logo cap and access cover should be dightly lower
than the surface of the ground. The logo cap should be approximately in the center of the

top of the concrete. Datum point should be about 3-inches below the cover of the logo

cap and centered in the 5 or 6-inch PV C pipe. The top of the greasefilled deeve should

be about 3-inches below the datum pont and the washed sand 1-inch below top of the
deeve. Clean any cement that may have gotten onto the exposed rod or datum point.

20. Clean dl equipment and remove dl debris such as extra cement, excess dirt, and trash,
leaving the areain the condition it was found.
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November 13, 2003
ATTACHMENT H

WRITING STATION DESCRIPTIONSAND RECOVERY NOTESWITH WDDPROC

Descriptions are one of the end products of surveying, aong with the positions and the survey

marks themsdves. All three shdl be of highest quality. The descriptions must be complete,

accurate and in standardized formet if the Sation isto be rdliably and easily recovered for usein the
future. Descriptions shal be in the standard NGS format of three paragraphs as described below under
"Description Format.”

1.0 GENERAL

1.1 DEFINITION OF DESCRIPTION VS. RECOVERY NOTE
a. A description detalls the location of anew survey mark, or one not previoudy in the NGS digita
database.
b. A recovery noteisan update and/or refinement to a description aready in the NGS digita
database, written upon areturn visit to asurvey mark.

1.2 LEVELS OF COMPLEXITY OF RECOVERY NOTES
a No Changes- If an exigting station’ s digital description is complete, accurate, and meets Blue
Book requirements, the station may be recovered with a brief recovery note, such as"RECOVERED
AS DESCRIBED."

b. Minor Changes - If minor changes or additions to the description are required, they may be added
after the above phrase, such as "RECOVERED AS DESCRIBED, EXCEPT A NEW WOODEN
FENCE ISNOW 3 METERS NORTH OF THE STATION." Seetypica caseslisted below.

c. Mgor Changes - Where mgjor changes have occurred, mgor inaccuracies are found, or where
required information ismissing (in any portion of the description), a complete three-paragraph
recovery note, with the same format as anew description, isrequired. 1f ameasurement discrepancy
is found, gtate that the new distance was verified, for example, by taping in both English units and
metric units or by two separate measurements by two different people. Seetypical cases listed below.

d. Exemption - If arecovery note has been written for the station within one year and no changes
have taken place, a new recovery note is not required. Note, thismay cause an error message in the
description checking software, which may beignored.

1.3 SOFTWARE - Descriptions and Recovery notes must be properly encoded into a D-file by using
NGS WDDPROC software. Please refer to the NGS Web site:
http://www.ngs.noaa.gov/FGCSBlueBook/, Annex P (Geodetic Control Descriptive Data), for
information. Note, WDDPROC is used for both new Descriptions and for Recovery Notes.




1.4 CHECKING - Descriptions shall be written by one person and checked by another. Recovery
notes should also be checked. For example, amark setter can draft a description immediately after
seiting the mark, and an observer can check the description during observations. For existing marks, the
reconnai ssance person can draft the recovery note and the observer can check it. Descriptions and
Recovery Notes should be written while at the station or immediately after visiting a station so thet dl
details are fresh in the writer’ smind.

1.5 TYPICAL RECOVERY NOTE CASES
a. A brief, one or two sentence Recovery Note is adequate:

I. When the mark is found and the description is completely accurate, sample:
(“RECOVERED AS DESCRIBED"),
il. When the mark is found and there are one or two minor changes, (“RECOVERED AS
DESCRIBED EXCEPT A NEW WOODEN FENCE ISNOW 3 METERS NORTH OF
THE STATION"),
iii. When the mark is not found, (“MARK NOT FOUND AFTER 3 PERSON-HOUR
SEARCH"),
Iv. When the mark is not found and presumed destroyed, (* MARK NOT FOUND AND
PRESUMED DESTROYED. CONSTRUCTION FOREMAN STATES THAT THE
MARK WAS DESTROYED YESTERDAY"),
v. When the mark isfound destroyed, (* THE MARK IS DESTROYED AND THE DISK
HASBEEN SENT TONGS’or “THE MARK ISDESTROYED AND ITS
PHOTOGRAPH HASBEEN SENT TONGS’ ). Note, for a station to be considered
destroyed by NGS, the disk or photograph showing the destroyed mark must be received by
NGS.

b. A complete, new, three-paragraph Description/Recovery Noteis required:
[. When anew mark is s,
il. When an exigting mark does not have aPID,
lii. When an existing mark does not have an NSRS digita description (i.e., description isnot in
NGS database),
Iv. When an existing mark has only a brief description not meeting the three-paragraph
requirement (many bench marks have only short, one-paragraph descriptions),
v. When an existing mark’ s description is no longer accurate or complete.

2.0 DESCRIPTION FORMAT

The origina USC& GS Specia Publication No. 247, MANUAL OF GEODETIC TRIANGULATION,
page 116, states, "A description must be clear, concise, and complete. It should enable one to go with
certainty to the immediate vicinity of the mark, and by the measured distances to reference points and
the description of the character of the mark, it should inform the searcher of the exact location of the
mark and make its identification certain. 1t should include only essentia details of a permanent
character.” NGS dill follows these guiddines, so that a person with aminima background in surveying
and no local geographic or historical knowledge can easily find the mark by logicdly following the text of
the description.



2.1 FIRST PARAGRAPH - Thefirgt paragraph isthe description of locality. This part of the
description begins by referring to the airline distance and direction (cardina or inter-cardind point of the
compass) from the thr ee nearest well-known mapped geographic feature(s), usudly the nearest cities or
towns. Use three references equaly spaced around the horizon, if possible. In writing the
Description, always progress from the farthest to the near est reference point. Digancesin this
part of the description shal be in kilometers (followed by miles), or meters (followed by feet), dl
distances to one decimd place. Detailed measurements which appear e sewhere in the description
should not be repeeted in this paragraph. Points of the compass should be fully spelled out. Do not use
bearings or azimuths. State the name, address, and phone number of public sector property owners
(however, phone numbers of private property owners are NOT included ). State any advance notice
and security access requirements for reaching the station. Also state any unusud trangportation methods
that may be required to reach the station.

Sample first paragraph:

“STATION ISLOCATED ABOUT 12.9KM (8.0 MILES) SOUTHWEST OF EASTON,
ABOUT 6.4 KM (4.0 MILES) NORTHWEST OF CAMBRIDGE, AND ABOUT 3.6 KM
(22MILES) EAST OF SMITHVILLE ON PROPERTY OWNED BY MR. H.P. LAYTON,
AND KNOWN ASOLD GOVERNOR JACKSONS ESTATE.”

2.2 SECOND PARAGRAPH - The second paragraph contains the directions to reach the station.
This section is one of the most useful parts of adescription. It usually enables a stranger to go directly to
agtation without a delay due to a detailed study of maps or of making loca inquiries. It isaroute
description which should start from a definite point, such as () the nearest intersection of named or
numbered main highways (idedly Interstate and U.S. highways, or at least those which are shown on
commonly used road maps), and gpproximeately where that intersection is, or (b) some definite and well-
known geographicd feature (eg. main post office or county courthouse) and give its name and generd
location. Odometer distances shall be given to tenths of kilometers (followed by tenths of miles). For
roads with names and numbers, give both in the first occurrence.

a Theformat for thefirg leg of the “to reach” is
|. FROM THE MAIN POST OFFICE IN DOWNTOWN SMITHVILLE, or
|. FROM THE INTERSECTION OF INTERSTATE XX AND STATE HIGHWAY
YY, ABOUT 3 MI NORTH OF SMITHVILLE,
ii. GO A DIRECTION (north, northeast, northerly, northeasterly, etc.),
iii. ON A ROAD (name or number of road or highway),
iv. FOR A DISTANCE (km followed by milesin parentheses),
v. TO SOMETHING (intersection, or fork in road, or T-road left or T-road right).



b. Theformat for al other legs.
|. TURN LEFT OR RIGHT, OR TAKE RIGHT OR LEFT FORK, OR CONTINUE
STRAIGHT AHEAD,
ii. GO A DIRECTION (north, northeast, northerly, northeasterly, etc.),
iii. ON ROAD (name of road or highway),
iv. FOR A DISTANCE (km followed by milesin parentheses),
v. TO SOMETHING (intersection, or fork in road, or sde-road left or right, or station
on left or right).

All five parts of each leg shdl beincluded in eech “To Reach.”

Sample:
“TOREACH THE STATION FROM THE INTERSECTION OF INTERSTATE 300 AND
MAIN STREET (STATE HIGHWAY 101) IN JONESVILLE, GO EASTERLY ON
HIGHWAY 101 FOR 3.7 KM (2.3 MILES) TO AN INTERSECTION. TURN RIGHT AND
GO SOUTH ON MILLER ROAD FOR 5.1 KM (3.2 MILES) TO A SIDE-ROAD RIGHT.
CONTINUE SOUTH ON MILLER ROAD FOR 6.6 KM (4.1 MILES) TO AN
INTERSECTION. TURN LEFT AND GO EASTERLY ON SMITH ROAD FOR 2.4 KM
(L.5MILES) TO STATION ON THE LEFT IN THE FENCE LINE."

Usetheword "EAST" if the road goes due east and "EASTERLY" if the road wandersin agenerd
eagterly direction. Use intermediate references, such as Miller Road above, if the distance becomes
longer than about 5 miles. The place of the end of truck travel should be mentioned. If waking is
required, note the approximate time required for packing. If travel to the Sation is by boat, the place of
landing should be stated.

2.3 THIRD PARAGRAPH - The third paragraph provides details of the mark and reference
measurements It ismade up of six parts. (a) the station mark type, (b) how the mark is stlamped, (c)
how the mark is set, (d) reference measurements, (€) the handheld GPS position, and (f) PACS or
SACS designation, if appropriate. These sections are not numbered in the description, but shdl bein the
Stated order with the stated information.

SECTION EXAMPLE
(8) - State what the mark is: THE MARK ISAN NGSHORIZONTAL
DISK, OR A USC&GS TRIANGULATION
DISK, OR A STAINLESS STEEL ROD, OR A
CHISELED “X”, ETC)),

(b) - State how the mark is stamped (in dashes): STAMPED --JONES 1952--.

(c) - State how and in what the mark is set:
THE MARK ISSET IN A DRILL HOLE IN
BEDROCK, OR SET IN A SQUARE
CONCRETE MONUMENT, OR ISA ROD
DRIVEN TO REFUSAL, ETC. A GREASE-
FILLED SLEEVE ONE M LONG WAS
INSTALLED.



The description shal specify whether the rod was driven to refusa or whether it met the dow driving rate
(thisis specified in Attachment G, part C-11 as 60 seconds per foot or 90 feet). Also state if a grease-
filled deeve was ingaled and itslength. For arod mark, the diameter of the stainless sted rod and the
diameter of the PV C pipe with the duminum cgp should be in English units, and the length of the plagtic

deave should be given in metric units only.

- State if the mark projects above the
ground, isflush, or is recessed and the
amount, (for arod mark state the above
for both the rod and the logo cap):

- State the depth of the mark, if known:

(d) - State reference distances and directions
from three or more permanent objectsin the
mark'simmediate vicinity (farthest to
nearest):

MARK PROJECTS15CM (5IN), OR
MARK IS FLUSH WITH THE GROUND,
OR MARK ISRECESSED 20 CM (8 IN);
OR LOGO CAPISFLUSH WITH THE
GROUND AND TOP OF ROD IS 10 CM

(3.9IN) BELOW THE TOP OF THE LOGO
CAP,

CONCRETE MONUMENT, 1.2 M (4 FT)
DEEP, OR ROD DRIVEN TO REFUSAL AT
15 M (49 FT)

IT 1S20.7 M (67.9 FT) SOUTHWEST OF
POWER POLE #2345, 15.2 M (49.9 FT)
WEST OF THE EDGE OF HIGHWAY 134,
AND 3.4 M (11.1 FT) NORTH OF A FENCE
LINE.

Examples of objects used as references: exigting reference marks, witness posts, center lines of roads,
edges of runways, ditches, power or telephone poles, or buildings. Start with the farthest distance.
Horizontal distances should be used. If dope distances were measured, that fact should be stated in the
paragraph. The distances shdl be in meters (followed by English measurement units in parentheses,
except as noted in (¢) above), and the directions shdl be cardind and inter-cardina directions, fully
spelled out, such as"NORTH", "NORTHEAST", or "NORTH-NORTHEAST". Magnetic bearings
from the reference objects are recommended to assist in future recoveries.

(e) Provide a handheld GPS position for al new marks, al proposed mark locations, for marks with
scaed positions, and for any other marks without NGS published positions. Include the accuracy code
of HH1 or HH2, depending on the type of receiver used. HH1 stands for Hand-Held accuracy code 1
(differentidly corrected, hand-held GPS), and HH2 stands for Hand-Held accuracy code 2 (stand-alone,

hand-held GPS), asfollows:



Accuracy code 1 (HH1) = +/- 1-3 meters
Accuracy code 2 (HH2) = +/- 10 meters

GPS Data Formats:

CODE LATITUDE LONGITUDE SECOND PLACES
HH1 NDDMMSS.ss WDDDMMSS.ss (2 places of seconds)
HH2 NDDMMSS.s WDDDMMSS.s (1 place of seconds)

Us“N” or “S’ for latitude and “W” or “E” for longitude. Use three digits for the degrees of longitude.

(f) If the sation isa Primary or Secondary Airport THISSTATION ISDESIGNATED
Control Station mark, the third paragraph shdl end ASA PRIMARY AIRPORT CONTROL
with the gppropriate designation of Primary or  STATION.

Secondary Airport Control Station):

Sample for arod mark:

“THE STATION IS THE TOP-CENTER OF A 9/16 INCH STAINLESS STEEL ROD DRIVEN TO
REFUSAL DEPTH OF 18M. THE LOGO CAP IS STAMPED --SMITH 2003--. THE LOGO CAP
ISMOUNTED ON A 5IN DIAMETER PVC PIPE. A ONEM LONG GREASE-FILLED SLEEVE
WASINSTALLED. LOGO CAPISFLUSH WITH THE GROUND AND TOP OF ROD 1S 10 CM
(3.9IN) BELOW THE TOP OF THE LOGO CAP. THE MARK 1S 32.4 METERS (101.74 FEET)
NORTHEAST OF NORTHEAST CORNER OF THE HOUSE, 16.62 METERS (54.5 FEET)
NORTH OF WATER PUMP ALONGSIDE OF HEDGE AROUND OLD FLOWER GARDEN,
AND 4 METERS (12.96 FEET) NORTH OF NORTHEAST CORNER OF HIGH HEDGE
ENCLOSING OLD FLOWER GARDEN. THE HH1 GPSIS: 304050.2N, 1201020.4W.”

Sample for a concrete monument:

“THE STATION ISAN NGSHORIZONTAL DISK, STAMPED --JONES 2003-- SET IN A
ROUND CONCRETE MONUMENT 1.2 M (4 FT) DEEPAND 0.3M (12IN) IN DIAMETER. IT
ISSET FLUSH WITH THE GROUND. IT IS32.4 METERS (101.74 FEET) NORTHEAST OF
NORTHEAST CORNER OF THE HOUSE, 16.62 METERS (54.5 FEET) NORTH OF WATER
PUMP ALONGSIDE OF HEDGE AROUND OLD FLOWER GARDEN, AND 4 METERS (12.96
FEET) NORTH OF NORTHEAST CORNER OF HIGH HEDGE ENCLOSING OLD FLOWER
GARDEN. THE HH1 GPSIS: 304050.2N, 1201020.4W.”



3.0 IMPORTANT POINTS REGARDING DESCRIPTIONS

3.1 NAMES - Use the gation designation (name) and PID, exactly aslisted in the NGS
database, in al survey records. Do not add dates, agency acronyms, or other information to the
name, nor the slamping. Note, frequently the stamping and the officia station designation are not
the same. For example, sampings include the year set, but designations generally do not.

3.2 TERMINOLOGY - Correct NGS survey terminology shdl be used in al station
descriptions and reports (see GEODETIC GLOSSARY, NGS, 1986).

3.3 DISTANCES - All messurements are assumed to be horizontal unless labeled “dope.”
Distances measured from aline (e.g., the center-line of aroad or afence ling) are assumed to be
measured perpendicular to that line. The origin of measurements at the junction of two roadsis
assumed to be the intersection of center-lines of both roads. Measurements are assumed to be
from the center of an object (i.e. power pole) unless sated otherwise.

3.4 REPAIR - Any work doneto repair amark shal be described completely in the updated
recovery note. Note, arepair strengthens the mark but must not change its position. For
example, adding concrete or epoxy around a disk where some ismissing isarepair.

3.5 REFERENCE MARK NAMES - Note, reference marks are abbreviated “RM X" in
descriptions, but on "Reference Mark” disks they are stamped "NO. x".

3.6 WCHKDESC - Runthedigita D-file through the WCHKDESC program (fied-level
option), one of saverd programs within the WDDPROC Software Suite, to identify format and
coding errors. This program is accessed by (a) running the WDDPROC program and (b)
selecting the program, WCHKDESC, from the main menu.

3.7 METRIC CONVERSION - Use 3.2808333333 feet equals one meter.

3.8 ABBREVIATIONS - Meter = M, kilometer = KM, centimeter = CM, mile = MI, nautical
mile=NM, feet = FT, inch=IN.

4.0 THE WDESC PROGRAM

The WDESC program, one of severa programs within the WDDPROC Software Suite (available over
the Web at http://www.ngsnosa.gov/PC_PROD/DDPROCA.XX/ddproc.index.html), is used to encode
descriptions and recovery notes in D-FILE format for the loading of these descriptions into the NGS
database. The NGS Blue Book and the WDESC documentation contain information for properly
encoding descriptions. Helpful information is contained in the following paragraphs.




When creating a description file, abackup file is automatically crested. Every time afew descriptions are
entered, it would be best if they are checked with WCHKDESC and the file corrected. The backup
should be renamed befor e reopening the program or it will be overwritten. Always exit from the
WDESC program from the pull-down File option Exit. It is recommended to save the description file as
anew filename every time the program is exited; saving after each description isentered isaso
recommended.

Remember to enter “Y” into the satellite usage code fidd in the Header Record if the mark is suitable for
GPS observations.

Set the condition code on the Description Header formas described in The Description Processing
Handbook, Chapter 1, D-FILE Format (for Both Microsoft Windows 95/98/NT and UNIX): The
Format of a Description File (D-FILE), which is available on the Web by downloading dformat.htm from
Section 4 of the WDDPROC page

(http://www.ngs.noaa.gov/PC_PROD/DDPROCA.X X/ddproc.index.html).

Three separate paragraphs are required in the descriptive text field since they make the description much
easer to read. Therefore, when entering the text into the Description Header form using the WDESC
program, separate each paragraph by pressing the [ENTER] key on the keyboard to add a blank line at
the end of the first paragraph.

The FPR code is afield on the Description Header form in the WDESC program. Set the “FPR” fidd
in the Description Header form to “F’, “P’, or “R”, for Flush, Projected, or Recessed, respectively. In
the description, include the logo cap relationship to the ground surface (projecting above, flush with, or
recessed below), and include the distance that the top of the rod is below the top of thelogo cap. Itis
important to include information regarding the exact placement of the logo cap for future reference.

A ligt of the proper agency codes for the WDDPROC Software Suite can be found on the

NGS Web stein WDDPROC ANNEX C

(http:/Awww.ngs.noaa.gov/FGCS BlueBook/annexc/annexc.index.html). The agency code to be used for
marks that are set by the National Geodetic Survey isNGS. The agency code for marks set by the
USC&GSisCGS. Contractors shdl use the code assigned to their company. If a contractor does not
have a code, arequest for one should be emailed to: Burt.Smith@noaa.gov.

5.0 MARK TYPES

5.1 CONCRETE MARK - For aconcrete mark set in accordance with the requirements of
Attachment E (http://www.ngs.nosa.gov/AERO/aerospecs hitn#vol 1) use a setting code of
"07". Thisdassfiesthe gation with adefault vertical stability code of "C".

5.2 ROD MARK GREATER THAN 4 METERS - For an NGS 3-D gtainless stedl rod mark
driven to adepth of 4 meters or GREATER, use amonumentation code of "F' and asetting
code of "59". This classfies the dation with adefault vertical stability code of "A". Note, if the
standard one meter plastic deeveis used, the vertica stability code must be downgraded to “B”.



5.3 ROD MARKS LESS THAN 4 METERS ARE GENERALLY NOT ACCEPTABLE, see
“Geodetic Bench Marks,” page 27, Table 3.

5.4 DISK IN ROCK OUTCRORP - For adisk that is set in solid rock outcrop, use a
monumentation code of "DH" or "DD" and a setting code of "66". This classfies the station
with adefault vertical stability code of "B".

Check theligting of valid monumentation codes and setting codes in The Description Processing
Handbook, Chapter 1, D-FILE Format (for Both Microsoft which is available on the Web in Annex P of
the blue book (http://www.ngs.nosa.gov/FGCSBlueBook/), for the proper codes to use for other types
of marks.

Again, refer to the complete directions available a the Web site for using the NGS software package
WDDPROC to write the required station descriptions, and be sure to check your fina product with
WCHKDESC.
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ATTACHMENT | - REQUIREMENTS FOR DIGITAL PHOTOGRAPHS OF SURVEY
CONTROL

|. PURPOSE - This document describes digital photographic stlandards for images of survey marks that
will be stored in the National Geodetic Survey (NGS) database and for other reconnai ssance
photographs. Since many of these images will be in the NGS database and available to the public, the
subject matter (survey equipment, personnel, background, etc.) must be in good taste and professiond in
nature.

Digitd photographs are useful for station (mark) reconnaissance, mark recovery, mark stability
assessment, quality control, and as an aid during data processing and data verification. Some projects
may require digital photographs during severd stages of the project. Generdly three photographs per
gation will be stored in the NGS database, which will make them ble to future users. Thetable
below summarizes the required photographs. Detailed descriptions of the photographs follow.

. SURVEY MARK PHOTOGRAPHS - Take dl photographs during daylight hours.

1 A. NUMBER OF PHOTOGRAPHS - At least three digital photographs are required for each mark
recovered or described during the current project. This means marks for which awritten, NGS format,
digital description or recovery note was prepared. The three photographs are described as numbers: (1)
extreme close-up, (2) eye-leve (5-6 feet distant), and (3) horizontd view (approx. 10-30 feet distant).
All three photographs require a digital caption and the correct file name. Photographs 2 and 3 require a
small, temporary sign in the photograph.

REQUIRED PHOTOGRAPHS
All Marks Recovered and/or Described

1. Close-up (Taken Verticdly)

2. Eyelevd (Taken Verticdly)

3. Horizonta view(s), mark in foreground

Take sufficient photographs to describe the stamping, appearance, condition, and location of the mark
and points of potentia interest including visibility obstructions, roads, runways, taxiways, or other
dangers, any specid set-up requirements, etc. Alter the orientation of the photographs as necessary to
include this information in as few photographs as possible (For example, for atall obstruction, rotate the
camera 90 degrees s0 that the long axis of the image is vertical). Capture the tops of nearby
obstructions, if possible. If astation aready has acceptable photographs in the NGS database, additiona
photographs are not required, unless changes have occurred or more than one year has passed. An
“acceptable photograph” is defined as an image that meets the requirements of this document, is of good
visua quality, and that no changes have taken place that a new photograph would help clarify.



[1 B. CAPTION - The photographer shal write a caption for each photograph. The caption should
contain the following comma-separated information:
- Station designation (name),
- Station Permanent | Dentifier (PID), for exiging stations in the NGS database, leave blank if
new gation,
- Airport Location IDentifier (LID), if on airport, leave blank if not on airport,
- Photo number with cardind direction (N, NE, E, SE, eic) that the camerais pointing, only
photo #3 has a direction
- Station type (i.e. PACS, SACS, FBN, CBN), otherwise leave blank
- Date photo was taken (ddMMMyyyy).

SAMPLE CAPTION FOR NEW MARK
JONES, 2, 8JAN2001

SAMPLE CAPTION FOR EXISTING PACS ON AIRPORT
SMITH, AB1234, LAX, 3N, PACS, 8JAN2001

Note, the cardind direction should not be included on photographs 1 and 2 since they were taken
verticaly.

The caption may be digitaly captured on the image at the time of exposure or may be inserted |ater, off-
line. Record at least the date on-line, if possible. If caption information is added later, take careful notes
at the time of exposure to help ensure that the correct caption is added. Note, the caption shall not
obstruct any pertinent aspects of the station or surroundings. To ensure that the letters of the
caption are visble, use software to “erase” arectangular areafor the caption’slettering; see samples
below.

1 C. DESCRIPTION OF PHOTOGRAPHS:

1. CLOSE-UP - For survey marks, the first
photograph (photo no.1) will be a close-up,
taken verticdly. It will be oriented downward to |
show the survey mark from directly above with %
the disk or logo cap nearly filling the image.
Brush any dirt or debris off the mark to show the F#&
disk. If it hasalogo cap, thelogo cap should be §
open. Theintent of this photograph isto clearly
show the condition of the mark and dl damping =&
on the mark or logo cap so that it is clearly o8 e
legible. Use extra care to ensure that the $
sampingisclear. Suggestions: setthecamera [
to its highest quality and resolution modes; ruba =




yellow crayon acr oss the stamping to highlight the letters; set the camerato “macro” mode, if
available; consder the minium focusing distance of the camera (take test photographs to determine the
minimum focusing distance and consult the camera owner’s manud) ; and, if aflash isused, hold the
camera above and off to the side so that the flash does not create a bright spot in the middle of the disk’s
image. Note, medium quality and resolution camera modes may be used for photographs other than the
close-ups. If additional photographs are required, number these close-ups as 1A, 1B...

2. EYE-LEVEL - For survey marks, this
photograph (photo no.2) will be oriented
verticdly downward from eye leve to
show the monument from directly above
and cover an area about 1 meter in
diameter. Brush any dirt or debris off the
mark to show the disk and the setting, If it
IS a concrete monument, clear off debristo
the edge of the monument. If it hasalogo
cap, the logo cap should be open. Include
asmall, temporary sign in this
photograph with the station designation
(name) printed soit isclearly visblein
the photograph. Theintent of this
photograph isto show the genera
condition of the mark and the immediate
surrounding area. If additional photographs are required, number
these eye-level photosas 2A, 2B...

i

3. HORIZONTAL VIEW(S) - For survey marks, take at least one
additiond, daylight photograph oriented near horizontal, and show
the mark, with tripod and antenna (if possible), in the foreground,
and itsidentifying surroundings and any sgnificant obstructions or
possible sources of multi-path in the background. Show the top of
nearby obstructions, if possble. Consder rotating the camera 90
degreesto use the long axis of the image to capture an entire
obstruction. Place atemporary sign in this photograph with the
station designation (name) and the direction the camerais
pointing, both printed so they areclearly visblein the
photograph. If additiona photographs are taken, idedly move
around the mark to locations which are 90 degrees apart (preferably
cardind directions). Name these photographs number 3XX, where
the “XX" isthe cardind direction the camerais pointing, for
example, 3N or 3NE.

Il D. FILE NAMES - See Section IV D.




[1l. RECONNAISSANCE PHOTOGRAPHS - Someor dl of the digita images described in this section
may be required on a given project; refer to the Project Indtructions. Each of these photographs requires
asign, acgption, and the correct file name. The namesfor al of thesefiles shdl begin with “RE” to
indicate reconnai ssance.

Required Item | Contents Description
Sgnin Photo Name & Direction (unless vertical Place a9gn in this photograph with the
photo) dation designation (name) and the

direction the camerais pointing, both
printed so they are dearly visblein the
photograph.

Digitd Caption | Name, PID, LID, Number, Type, Date | See Section |1.B above

Photo File RE-Name-PID-Number-Date.jpg See Section 1V.D below
Name

All of the images required by this section shdl be designated as reconnai ssance (recon) with the letters
“RE" a the beginning of their file names. Generdly these recon images will not be loaded in the NGS data
base but may be required for use during planning, review, etc. All reconnaissance photographs will have
digita captions. These captions may be captured on the image or added later. Note, in these
specifications, “RE” standsfor “reconnaissance” and “R” sandsfor “right” runway.

See the Project Ingructions to determine which of the following are required:

[1l. A. PROPOSED LOCATIONS FOR MARKS - Take two photographs of each proposed
permanent mark location. These may be one photo number 2 and one number 3, or two number 3 (3A
and 3B), depending on which combination better shows the proposed mark location. Include atripod,
stake, sign, or other device showing the proposed mark location.

[11. B. RUNWAY END PHOTOGRAPHS - Take at least three photographs at the end of each runway
(including thresholds and stopways) surveyed in the current project, as follows:
- Eye-Levd (photo type #1) - photo from directly above the mark, showing about 1 meter in
diameter,
- Approach (photo type #3) - photo showing tripod over mark in foreground and approach in
background
- Across runway (photo type #3) - photo taken from the side of the runway looking across the
end of the runway, with atripod or arrow indicating the end point; include any features used to
identify the runway end.

[11. C. NAVIGATION AIDS (NAVAIDS) - Take photo(s) (type #3) of al NAVAIDS surveyed.
Show the survey tripod in place to indicate the exact point surveyed, or if positioned remotely, add arrows
and |abels to the photograph indicating the horizontal and/or vertical point(s) surveyed.




[11. D. DEPTH OF HOLE PHOTOGRAPHS - Take at least one photograph showing the hole dug or
drilled for aconcrete or rod mark. Place ameasuring device (e.g., tape measure or level rod) in the hole,
clearly showing the depth of the hole.

I1.E. PHOTOGRAMMETRIC CONTROL POINTS (Paneled and photo identified) - Take two
number 3 type photographs of al photogrammetric control points clearly showing the point. These photos
will be used later as an ad in identifying the point on the aeria photographs. Show the mark in the
foreground and the nearest identifiable feature in the background. The two photographs should be taken
from two different directions, idedlly 90 degrees gpart (such as from the East and the South).

[11.F. OTHER REQUIRED PHOTOGRAPHS - as may be required by other instructions.

V. GENERAL:
IV A. IMAGE SIZE - Each image should be about 800 by 1000 pixels when submitted.

IV B. 2. FILE SIZE - Maximum file size for each image is 500 KB, typica file size should be about 50 -
100K B.

IV C. IMAGE FORMAT - Store the digital photographs in JPEG format, approximeately 50% reduction.
IV D. PHOTOGRAPH FILE NAME - Use the following file naming convention: the optional “RE” (for
reconnai ssance), dash, the station designator, dash, the PID, dash, the photo number (1, 1A, 2, 3N, or
3NE, etc.), dash, date, dot, jpg. For new marks, thereisno PID. Use amaximum of 30 apha-numeric
charactersto the left of the dot.

Sample File Names

For new dations. SMITH-3-date.,jpg

For existing gations: SMITH-AB1234-1-date.jpg

For recon photos: RE-SMITH-AB1234-3-date.jpg

For runway end point: RE-LAX_CL_END_RWY _12R-3-date;jpg

For the runway end point example, “RE” = reconnaissance, dash, LAX =LID, dash, “CL END RWY
12R” = runway end point designator (CL = centerline, END = end, RWY = runway, 12 = runway
number, and R = right (or C = center, or L = l€eft), dash, “2" = photo number, and date. Note, “ "
(underscores) used to fill blanks. Note, in these specifications, “RE” stands for “reconnaissance” and “R”
gands for “right” runway (used if thereisa parale set of runways). Also, the LID may be four characters
rather than just three.

V. STORAGE MEDIUM - Submit dl digital photos together on their own medium (CD), not on the
same medium with other types of data. For airport work, submit al photosfor agiven arportin a
subdirectory named for that airport.




* Aconyms.

PACS - Primary Airport Control Station

SACS - Secondary Airport Control Station

FBN - Federal Base Network

CORS - Continuoudy Operating Reference Station (Globa Pogitioning System receiver)
CBN - Cooperative Base Network

RM - Reference Mark



ATTACHMENT J

PROJECT SUBMISSION CHECKLIST - GPSPROJECTS

Project Title:
Accession Number:
Submitting Agency:
Observing Agency:
Receiver Type:

PACKAGE CONTENTS
Project Report and Attachments Required For
() Project Report All Projects
( ) Approved Reconnaissance and Project Sketch All Projects
() Project Instructions or Contract Specifications All Projects
() Fina Station List All Projects
() Station Visibility Diagrams All Projects
() Final Observing Schedule All Projects
() Observation Logs All Projects
( ) Equipment Failure Logs NGS Projects
( ) Loop Misclosures Optiona
() Free Adjustment with Analysis All Projects
() Free Adjustment with Accuracies All Projects
() Constrained Horizontal Adjustment All Projects
() Constrained Vertical Adjustment (NAVD 88 Heights) All Projects
( ) Meteorologica Instrument Comparison Logs If Specified
() Photographs of Views from Stations If Specified
() Photographs or Rubbings of Station Marks All Projects
( ) COMPGB Output (Vaidation program-B/G file) All Projects
( ) OBSDES Output (Validation program-D-file) All Projects
() OBSCHK Output (Validation program-D-fil€) All Projects
( ) CHKDESC Output (Vdidation program-D-file) All Projects
( ) ELLACC Output All Projects
( ) BBACCUR Output All Projects
Digitized Data Files () Diskettes () Other:
( ) Raw Phase Data (R-files) All Projects
( ) Base Line Vectors (G-file) All Projects
( ) Project and Station Occupation Data (Final B-file) All Projects
( ) Descriptions or Recovery Notes (D-file) All Projects
() Terrestrial Horizontal Observations (T-file) If Applicable
( ) Differential Leveling Observations (L-file) If Applicable

Comments - Enter on the reverse side of this form.

Org Code Name
Received by:

Reviewed by:

Reviewed by:
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Tidal Bench Mark

National Ocean Service
General Usage Disk

National Geodetic Survey
New Geodetic Control Disk




ATTACHMENT L

NOAA FORM 61-29 U.S. DEPARTMENT OF COMMERCE |REFERENCE NO.
(12-71) NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
TX0401-XX
DATA AS LISTED BELOW WERE FORWARDED TO YOU BY
(Check):
LETTER TRANSMITTING DATA
[] orbINARY MAIL O arRmaL
TO: [] rReGISTERED MAIL X express
r . B
Jane Smith |:| GBL (Give number)
Acme Contracting
2553 Day Road
Nowhere, FL 35245 DATE FORWARDED
L . July 15, 2003
NUMBER OF PACKAGES
3 (2 boxes and 1 roll)

NOTE: A separatetransmittal letter isto be used for each type of data, astidal data, seismology, geomagnetism, etc. State the
number of packages and include an executed copy of the transmittal |etter in each package. In addition the original and one
copy of the letter should be sent under separate cover. The copy will bereturned asareceipt. Thisform should not be used for
correspondence or transmitting accounting documents.

Enclosed are the following:

- Tide Gage information (location) diagrams

- 3 Chartlets

- One set of pertinent Nautical Charts (16004, 16005, 16003, 16041, 16042, 16043, 16044, 16045, 16046, 16061, 16062,
16063, 16064, 16065, 16066, 16067, 16081, 16082, 16083, 16084, 16085, 16086, 16087, 16088, 16101, 16102, 16103,
16104, 16121, 16122, 16123, 16124) covering the project areas

- 2 CDs containing photos of marks taken in the field

- 1 CD containing the raw files from the Ground Control Survey

Please forward a signed copy of this transmittal letter to NGS upon receipt.

FROM: (Signature) RECEIVED THE ABOVE
(Name, Title, Date)

George Leigh 301-713-3167

Return receipted copy to:

r ] Bl
George Leigh - COTR

National Geodetic Survey, NOAA
ATTN: N/NGS; SSMC3, Sta. 8609
1315 East-West Highway

Silver Spring, MD 20910 Fax: 301-713-4315
L -

NOAA FORM 61-29 SUPERSEDES FORM C & GS 413 WHICH MAY BE USED.

This form was electronically produced by Elite Federal Forms, Inc.


jhale

                   July 15, 2003

jhale
ATTACHMENT L


NOAA FORM 61-29 U.S. DEPARTMENT OF COMMERCE
(12-71) NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION

LETTER TRANSMITTING DATA

REFERENCE NO.

TO:

DATA AS LISTED BELOW WERE FORWARDED TO YOU BY
(Check):

[] orbINARY MAIL O arRmaL
[] rReGISTERED MAIL [ express

|:| GBL (Give number)

DATE FORWARDED

NUMBER OF PACKAGES

correspondence or transmitting accounting documents.

NOTE: A separatetransmittal letter isto be used for each type of data, astidal data, seismology, geomagnetism, etc. State the
number of packages and include an executed copy of the transmittal |etter in each package. In addition the original and one
copy of the letter should be sent under separate cover. The copy will bereturned asareceipt. Thisform should not be used for

FROM: (Sgnature)

RECEIVED THE ABOVE
(Name, Title, Date)

Return receipted copy to:

r B
L -
NOAA FORM 61-29 SUPERSEDES FORM C & GS 413 WHICH MAY BE USED.

This form was electronically produced by Elite Federal Forms, Inc.




ATTACHMENT M

STATION LIST, SAMPLE COUNTY HEIGHT MODERNIZATION, 2003 GPS-1880 (30 June 2003)

RECONNAISSANCE CHECKLIST

fﬁ‘%‘@f

i

15 150 1515 |AB1920 |CBN USCGS [32.979735| -80.898825| 19.277( A 1 C |18-Nov-02|G _|C COLLETON, SC

17 024 1702 [EB4118 |FBN NGS 34.450458| -79.460091| 37.312] A 1 C [17-Nov-02|G Very Good|DILLON, SC

23 002 2300 |FB2900 |CBN NCGS [35.086307| -82.450994| 363.171| A 1 C [15-Nov-02|G _ |Very Good|GREENVILLE, SC

23121 2312 |- proposed 34.833098| -82.476691 C [14-Nov-02|P Good GREENVILLE, SC

32031 X 3203 |AA4166 |CBN USCGS (33.834071| -81.382338| 112.169( A 1 C [21-Nov-02|G _ |excellent [LEXINGTON, SC

35E 200 35E2 |DE7965 |FBN NGS 36.062024| -79.736534| 230.72] A C [17-Nov-02|G Very Good|GUILFORD, NC

35W 200 35W2 |DE7964 |-- NCGS |36.063664| -79.742868| 236.03 C [18-Nov-02|G _ |poor GUILFORD, NC probably destroyed by construction of driveway
4.54 0454 |- new private  [35.796822| -75.547292 1.069 D | 17-Nov-02|G Good DARE, NC

865 1370 C TIDAL TIDC |FWO0686 |CBN USCGS [36.181486| -75.754584 5.627 A 1 B [15-Nov-02|N not found [DARE, NC

865 4400 TIDAL 2 TID2 |[EX0249 |FBN NGS 35.227123| -75.636825 0.813[ A 2 C [14-Nov-02|G Very Good|DARE, NC

865 6483 E TIDAL TIDE |DE7961 |-- NCGS [34.722240| -76.673519 12 A A ]21-Nov-02|S Very Good|CARTERET, NC

8658120 CTIDALRM 1 [TID1 |- proposed 34.225414| -77.955933 A [17-Nov-02|P Good BRUNSWICK, NC observer needs paper towels to remove water from mark
866 0401 K TIDAL TIDK |DD1694 |CBN USCGS (33.817970| -78.718174 7401 A 1 A ]18-Nov-02|G Very Good|HORRY, SC

866 5530 TIDAL 13 TID3 [CJ0085 |FBN NGS 32.781204| -79.924641 2219 A 1 B [17-Nov-02|G Very Good|CHARLESTON, SC

A28 A028 |FX0823 |-- NCGS [36.969046| -76.990902| 29.696| B 3 C ]15-Nov-02|N not found [SUSSEX, VA

AERO AERO |-- new private [33.315499| -79.322654| 11.251 C [14-Nov-02(G Good GEORGETOWN, SC |arrange access with railroad 48 hours before session
AIRPORT AIRP_|FB2596 |CBN USCGS [35.196162| -83.862581| 516.868( A 2 C |21-Nov-02|G poor CHEROKEE, NC tree blocks entire southern sky

AMTRAK AMTR [ED3612 |FBN NGS 34.691444| -82.833337| 223.78] A 3 C [17-Nov-02|G Very Good|PICKENS, SC

ARCHER ARCH |AI7195 |- NCGS [32.350997| -80.669660 2513 A 1 B |18-Nov-02|G _ [Very Good|BEAUFORT, SC

BALL BALL [FB3066 |FBN NGS 35.257898| -82.706191| 643.19] A C [14-Nov-02|G Good |TRANSYLVANIA, NC

BAPTIST BAPT |EZ3662 |CBN NCGS [35.297281| -79.745842| 225.37 A 2 C |21-Nov-02|G excellent [MONTGOMERY, NC
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STATION LIST, SAMPLE COUNTY HEIGHT MODERNIZATION, 2003 GPS-1880 (30 June 2003)




ATTACHMENT N

Bench Mark Ties

Guidelines for Third-order leveling ties from GPS
stations to nearby bench marks

Nationa Geodetic Survey
Silver Spring, MD 20910
June 2003

U.S. DEPARTMENT OF COMMERCE

National Oceanic and Atmospheric Adminigtration
National Ocean Service

National Geodetic Survey



I ntroduction

The purpose of these guidelines is to provide the information necessary to transfer an elevation from an
existing NAVD 88 benchmark that cannot be used for GPS observations to a nearby GPS ation. The
two gtations must be “close by” which is defined here as no more than four “set-ups’ of the level
instrument.

SingleMark Level Tie (3 Order)

An assumed eevation for the bench mark can be usad in the leveling since the principa concerniswith the
difference of elevation between the bench mark and the GPS gation. 1t should be noted that the
published eevation of the GPS station would only be published to the nearest centimeter. Thisis because
the absolute devation of the bench mark cannot be verified without incorporating other bench marksinto
the survey asacheck. Many projects do not provide the resources required for this multiple mark check,
but it is il imperative that the GPS gtation have the best precision dlowable.

Record rod readings to millimeters or hundredths of feet. The modd, type of ingrument, and serid
number of instrument and rods (e.g., fiberglass, duminum, single piece, etc.) aswell asrod scale units
(e.g., meters, feet, or bar code) shal be entered on the “ Observations of Bench Mark Ties’ form where
indicated.

Observing Sequence for Conventional L evel

1. Remove equipment from travel cases, atach level instrument to tripod, and let equipment acclimate to
loca conditions. Perform instrument check per manufacturer’ s ingructions. Set up the instrument about
halfway between the gtations, but no more than 70 m (230 ft) away from either point or from one of the
points and aturning pin in the case of multiple setup requirements. Backsight distance to foresight distance
imbaance shdl belessthan 5 meters. Accumulated backsight to foresight distance imbaance shal be less
than 10 metersin the case of multiple setups
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Figure 26 Figure 2. Direct old mark to new mark leve tie. Note: Backsght-foresight distance
imbalance should be less than 5 meters.



2. Plumb the leve rod on the highest point of the old mark. Let'scal the old mark M 123. Record the
designation of the point and its published devation noting the reference vertica datum and units of
measure.
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Figure 27 Figure3. Old mark to new mark levd tiefor distances over 140 m. Note: Accumulated
backsght-foresight setup imbalance should be less than 10 m.

3. Backsght Reading: Observe the intercept of the middle reticule of the rod scae as backsight reading.
Record the rod reading to the nearest millimeter (or hundredths of afoot) asindicated above. Record the
dtadia reading to determine distance from the point to the instrument.

4. Compute height of insrument, HI, which is the sum of the backsight and the published eevation.

5. Plumb therod on the highest point of the new bench mark. Record the designation of the new mark,
eg., M 123 RESET, or TPL (for turning point 1 in the case of multiple setups).

6. Foresght Reading: Observe the intercept of the middle reticule of the rod scale as foresight reading.
Record the stadia reading to determine distance from the point to the instrument.

7. Compute the devation of the new point, new bench mark, or turning point, which is the difference of
the HI minusthe foresight.

8. Rest and re-leve the instrument. Level backward from the new point to the old, in the same manner
as steps 2 through 7.

Note: The devation computed for the old point as aresult of the backward leveling may differ by no
more than +/-12v' D mm (where D is the shortest length of section in kilometers one-way) from the
published devation.

9. To compute the devation difference from the old mark to the new, subtract the mean of the two
elevaionsfor the old mark from the eevation for the new mark.



Observing Sequence for Digital Level
These obsarving procedures are intended for use with digita levels.

1. Removeequipment fromtravel cases, attach level instrument to tripod, and | et equipment acclimateto loca
conditions. Perform instrument check and adjustment as outlined in the digital level manud.

2. Set up the instrument about halfway between the stations. Limit Sght lengths to no more than 70 m (230
ft) from ether point or fromone of the pointsand aturning pininthe case of multiple setup requirements, eg.,
distance between pointsis greater than 140 meters. Backsight distance to foresight distance imbalance shall
be lessthan 5 meters. Accumulated backsight to foresight distance imbaance shal belessthan10 metersin
the case of multiple setups.

Leve up the indrument using the threefoot screwswhile observing the bulls-eye bubble. Turn on instrument
and sdlect the backsght/foresight level program. Confirm that you want to gart then enter the arting
eevation for the old mark. Set and confirm insrument parameters, e.g., meaning 3 measurements, display
meaximum decimd places, record readings to onboard module, and observing configuration, suchasrod type,
and metric units.

3. Plumb the leve rod on the highest point of the old mark, e.g., domed top of disk M 123. Record the
designation of the point and its published eevation, noting the reference vertical datum and unitsof measure.

4. Backgght Reading: Point using the verticd crosshair of the level instrument on the middle of the rod over
the old mark and use the focusing knob to bring the image of the rod into sharp focus Depress the measure
button and record the rod reading. Note distance from rod to instrument. It should beless than 70 meters.

5. Plumb the rod on the highest point of the new benchmark. Record the designation of the new mark, eg.,
M 123 RESET, or TPL (for turning point 1 in the case of multiple setups).

6. Foresght Reading: Point and focus the level instrument on the rod over the new mark. Depress the
measure button and record the rod reading. Note distance from rod to instrument. 1t should beless than 70
meters. Note imbalance between backsight and foresight distances. This difference shal be less than 5
meters.

7. The€devation of the new bench mark or turning point is computed as the sum of the backsight reading and
the published devation minus the foresight reading.

8. Resat and re-leve the instrument. Level backward from the new point to the old, in the same manner as
steps 2 through 6. Use the devation determined from the forward leveling as the starting elevation for the
backward leveling. The eevation computed for the old point as aresult of the backward leveling may differ
by no more than +/- 12V’ D (where D is the shortest length of section in kilometers one-way) from the
published devation.

9. To compute the devation difference from the old mark to the new, subtract the mean of the two elevations
for the old mark from the eevation for the new mark. The eevation for the new bench mark will be this
computed difference, mean of both forward and backward leveing, plus the published devation of the old
bench mark.



Data Submission
Thefollowing must be supplied by the submitting office:
1. Completed “Observations for Bench Mark Ties’ form . (See attached form.)

2. Digitd Levels. Paper aswel as digita copy of leveling observetions.



Observations for Bench Mark Ties

Origina Mark Stamping: Replacement Mark Stamping:
PID (if known): Elevation: Date of Levding:
(ft / m) Computed Elevation: (ft / m)
Datum: NGVD 29 or NAVD 88 (circle one) (from below)
State: County: Latitude: N Longitude: W Datum:
Leveling Equipment: Manufacturer Model Number Serial Number
Level Instrument:
Rod # 1:
Rod # 2 (optional):
Rod Scale Units:
Point | Baksgnt | HI. | Foresght | Flevation | lengh(ftim) |  Remarks
Forward Running: Old to New

B ad Running: New to Old
Agency / Firm: Signed:
Address: Telephone: ( )

City / State/ Zip:

E-mail:






